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Port of Seattle
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Seattle, Washington 98111

Attention: Mr. Doug Hotchkiss

Gentlemen:

We are submitting six copies of the results of our stidies for the
former Shell 0il Company property on Terminal 18, Port of Seattle,
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Seattle. Please call if you have any guestions regarding our report.
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REPORT GF
SUBSURFACE CONTAMINATION STUDRIES
TERMINAYL 18, PORT OF SEATTLE
HARBOR ISLAND
SEATTLE, WASHINGTON
FOR
PORT OF SEATTLE

INTRODUCTION

This report presents the results of our subsurface explorations and
related studies of the former Shell 0il Company property located at
Terminal 18, Harbor Island, éeattle, Washington. The site of the former
Shell bulk petroleum product terminal is located east of !lth Avenue
Southwest on the northeastern portion of Harbor Island. The site location
and surrounding features are shown in Figure 1. The general layout of the
former Shell bulk terminal during 1975 is shown in Figure 2.

Services performed by GeoEngineers during the initial phase of this
project included review of past land use in the area and preparation of a
work plan for subsurface explorations and testing. Subsurface explor-
ations, sampling, and analyses at the site were completed during three

phases of field investigations in 1987 and 1988.

PURPOSE AND SCOPE
The purpose of our services is to explores and evaluate subsurface
petroleum-related contamination at and adjacent to the former Shell 0il
Company property on Terminal 18. The scope of services completed during

this study includes:
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Subcontracting and monitoring the drilling of thirteen soil
borings to depths of about 15 to 20 feet., Nine borings (Mw-1
throughlmw—g) were completed during the first phase of
exploration, three borings (MW—-10 through MW-12) were completed
during the second phase of exploration and one boring (MW-i3)

was completed during the final phase of exploration.

“Const¥uctihg 2~inch-diameter PVC monitor wells in the-thirteen

borings.

Measuring ground water levels and free product thicknesses on
several occasions in the monitor wells installed by- GeoEngineers
and in six other monitor wells whiech existed prier to this
study.

Measuring hydrocarbon (combustible) vapor concentrations within
the monitor well.casings.

Measuring the pH, conductivity and temperature of ground water
from the monitor wells installed by GeoEngineers.

Collecting samples of ground water from eleven of the monitor
wells and analyzing the ground water samples for the presence of
benzene, toluene, xylenes, ethylbenzene, chlorobenzene,
dichlorobenzene, petroleum hydrocarbons, organic lead and total
lead.

Collecting a sample of free (floating) petroleum product from
twe of the monitor wells and analyzing the product samples for

product type, API gravity and flash point.
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8. Preparing ground water elevation contour maps based on our field
measurements.
9. mvaluating the direction of ground water flow based on our field
measurements and the ground water contour maps.
10. Develcoping estimates of the hydrauviic conductivity of soil
beneath the site.
il. Evaluating the results .of the analytical testing of .ground water
samples.
12, Monitoring a pumping test to evaluate free product recovery
options in the vieinity of Monitor Wells MW—7 and MW-12.
13. Developing recommendations for remediation of free petroleum.
product, treatment of recovered ground water, and future

subsurface monitoring at this site.

HISTORIC AND CURRENT LAND USE

INFORMATION SOURCES

Information concerning historic land use at the former Shell 0il
Company property and adjacent areas has been obtained from interviews with
representatives of the Port of Seattle and Washington Department of
Ecology {(Ecology), Ecoclogy’s files pertaining to Shell 0il Company
operations on Harbor Island, available reports, and aerial photography,
including:

1. Black & Veatch, Preliminary Investigation - Phase 1 Description of

Current Conditions, Harbor Island, Seattle, Washington, prepared for

State of Washington, Department of Ecology, June 6, 1985.
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CHZM-Hill, Inc., and Ecology & Envirconment, Inc., Draft: Remedial

Action Master Plan, Harbor Island, Seattle, Washington, prepared for

U.S. Envirommental Protection Agency, October 4, 1983.

Corps of Engineers, Aerisl Photographs of Harbor Island and viecinity
from COE Survey Branch files, dated 1940, 1966, 1970, 1976, 1977,
1978, 1979, and 1985.

Harper—-Owesy Duwamish.Ground Water Studies, Waste Disposal Practiges

and Dredge and Fill History, prepared for S3weet, Edwards and

Agssociates, Inc.,, Bellevue, Washington, March 1985.

Hart-Crowser, Geochemical and Gectechnical Engineering Study,

Terminal 18 — Intermodal Yard, Seattle, Washington, prepared for Port

of Seattle, July 9, 1987.
Port of Seattle, Construction, As-Built and SMA Permit Application
Plans from Port of Seattle files.

Shell 0il Company, Letter to Port of Seattle, June 29, 1987.

Shell 0il Company, Letter to Port of Seattle, December 1, 1987.

Sweet, Edwards and Associates, Inc., Draft Report: Duwamish Ground

Water Studies, prepared for METRO, March 31, 1985.

Information from the sources listed above was compiled into the map

presented on Figure 3.

HARBOR ISLAND

Harbor Island and the surrounding region consisted of tidelands and

river delta topography at the mouth of the Duwamish River prior to 1895.

Dredging for construction of the East and West Duwamdish Waterways and the

main

HI-SHELL000677
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Harbor Island is a manmade island (about 455 acres) which was formed
primarily from dredge spoils generated during excavation of the East and
West Duwamish Waterways during the period between about 1895 and 1910.
Dredging for maintenance of channels and construction of terminals has
occurred on a periodic basis since the early 1900s.
Sediments were dredged and used as fill for the northern portion of
e Terminal 18 (north of the former Shell: property) during966 and .1967. It

appears that dredge spoils have not been used as fill after the early

1900s in the portion of Terminal 18 that is the subject of this study.

FORMER SHELIL BULK TERMINAL PROPERTY

Shell 0il Company has operated three petroleum tank farms with
separate containment walls on the northeastern portion of Harbor Island in
the past. Two of these tank farms remain in operation and are located
west of Southwest 1llth Street. The third Shell tank farm was located east
of Southwest llth Street at Terminal 18 (formerly Pier 19) and is the
subject of ;his study. The locations of the three Shell tank farms are
shown in Figure 3.

The former Shell bulk plant at Terminal 18 covered an area of about
12.5 acres. Shell 0il Company purchased the majority of this property in
1924, Additional land along the southern portion of the property was
purchased by Shell in 1939. The general layout of the former bulk
terminal during 1975 is shown in Figure 2.

Facilities at the former Shell bulk terminal during 1975 included 42
above-grade petroleum product storage and filter tanks, truck and rail car

loading racks, warehouses, a barrel-storage slab, a dock used for product
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transfer, a facility for heating high viscosity products, plus office,

2\

laboratory and garage buildings. Products stored at the former Shell bulk
terminal included gasolines, diesel, kerosene, aviaticn gas, jet fuel,
solvents, lube oils, fuel oils and asphalt.

Buried petroleum product pipelines have been used in the past by
Shell to transfer asphalt, light and heavy fuel oils, aviation fuels, and
marine diesel from the apron-sarea  to their tank farms. These pipelines.,
are currently used by Shell to transfer marine diesel and heavy and light
fuel odls between the apron area of Terminal 18 and the existing Shell
tank farms. -

Buried petroleum product pipelines were also used to transfer
product within the former bulk terminal property. These lines were
removed by the Port of Seattle in 1980. The locations of the existing and
former buried product pipelines are shown in Figure 2.

The existing asphalt and fuel oil pipelines are equipped with heating
cables to facilitate movemant of these relatively wviscous products.
Asphalt product has solidified within the asphalt pipeliine and this
pipeline is no longer usable.

The former Shell bulk terminal property was purchased by the Port of
Seattle during 1976 and demolished in 1980. The former Shell property and
the adjacent land to the north and south are presently referred to as
Terminal 18 and are currently used by Stevedoring Services of America

(554) for container storage and transfer.
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ADJACENT PROPERTY

The first record of development in the vicinity of the former Shell
bulk terminal occurred prior to the formation of Harbor Island with the
construction of a railrocad line, supported on piles above the tidelands,
along the alignment of Southwest Florida Street. A shingle mill, also

supported on piles, operated between about 1895 and 1910 in the area north

s of the railroad alignment between Scuthwest Florida Street and Socuthwest

Massachusetts Street (northwest of the former Shell bulk terminal at
Terminal 18).

Development of the property immediately south of the former Shell
bulk terminal began in 1918 with the construction of a shipping terminal
by the East Waterway Dock and Warehouse Company (EWD&WC). The former
EWD&WC facility was used primarily for bulk storage and transfer of non-
petroleum oils (vegetable, fish and animal).

The Port of Seattle began operations at the site of the former EWD&WC
facility in the 1940s. The majority of the former EWD&WC site is
presently used for container storage and transfer. The western portion of
the former EWD&WC site is currently used for bulk storage of tallow by
Jacob Stearn & Sons, Inc.

Shell and ARCO petroleum tank farms are located west of the former
Shell terminzl (west of 1lth Avenue Southwest). The southernmost existing
Shell tank farm and the ARCO tank farm existed prior to 1940 based on

review of aerial photographs.
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Land north of the former Shell bulk terminal property remained rela-

tively undeveloped until at least 1940. A 1940 aerial photograph shows
that many small residences existed in the area at that time.

Later development on the land north of the former Shell tank farm was
related to shipyard operations and included; machine, paint and steel
fabricating shops: warehouses and garage, restaurant and office buildings.
Land north of the former ShHell tank-farm is currently part of Terminal 18

and is used as a terminal for container storage and transfer.

SITE CONDITIONS

SURFACE CONDITIONS

The former Shell bulk terminal property is currently used for cargo
container storage and transfer. The site is paved with asphaltic concrete
and is relatively level with a surface elevation of about
Elevation 17.5 feet (MLLW datum). Surface runoff is collected within
storm drainage systems which drain to the East Duwamish Waterway. A
concreté apron extends over the East Duwamish Waterway along the eastern
portion of the terminal. The apron is used by S$SA for loading/unloading
container ships and by Shell 0il Company for transfer of petroleum
products. Southwest 1llth Street and railroad lines are iccated adjacent
to the western site boundary. Future plans at the site include
construction of an intermodal yard in the western portion of the site for

shipment of containers by train.

SUBSURFACE SOIL CORDITIONS
Subsurface soil conditions were explored by drilling thirteen borings
(MW—1 through MW—13) to depths of about 15 to 20 feet below the surface of

8
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the asphaltic concrete pavement. The locations of Borings MW—1 through
MW-13 are shown in Figures 2 and 4. Details of the field exploraticn
program and the boring logs are given in Appendix A.

Additional information relating to subsurface conditions at and in

the vicinity of the former Shell bulk plant is given in the following

reports:

o < 1.7 Twelker & Associates, Soils and Foundation.lnvestigation for -Proposed ..

Reconstruction of Terminal 20 and Pier 19, Harbor Island, Seattle,

Washington, prepared for Port of Seattle, August 31, 1973.

2. Norton Corrosion Limited, Ine., Corrosion Controi Survey, Termdinal

19/20, Buried Fuel Piping, Seattle, Washington, prepared for Port of

Seattle, March 11, 1986.

3. Hart Crowser & Associates, Geochemical and Geotechnical Engineering

Study, Terminal 18 - Intermodal Yard, Seattle, Washington, prepared

for Port of Seattle, July 9, 1987.

The borings generally encountered medium dense to very dense, fine to
coarse sand with gravel and/or fine to coarse gravel with sand from
beneath the asphaltic concrete pavement to depths of 4 to 6 feet below
grade. This soil appears to be imported fill that was placed to increase
the surface elevation of the site after demolition of the fo?mer Shell
bulk terminal.

The borings encountered loose to medium dense, fine to medium sand
with a variable amount of silt beneath the surficial imported fill wunit.
The fine to medium sand unit contains occasional interbeds of silt and

organic matter and extends downward to a depth of about 160 feet
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(Elevation —140 MLLW) based on available reports. The upper 10 to 15 feet
of the fine to medium sand unit appears to consist of fill placed by
dredging during excavation of the East Duwamish Waterway and formation of
Harbor Island.

Very dense sand, gravel and silt are found below the fine to medium
sand unit (below Elevation —-140 MLLW) based on available reports.

Borings MW-6, MW-8, MW-9 and MW~13.encountered sand with gravel and
gravel with sand (imported £ill) from beneath the pavement to depths of
about 13 and 16 feet, respectively. Fine to medium sand was encountered
below the imported fill in Borings MW-6, MW—9, and MW-13, The base of the
imported fill was not encountered in Boring MW-8, wnich was completed at a
depth of 15 feet. The eastern boundafy of the site was extended about
20 feet eastward by installing a sheet pile bulkhead and placing imported
fill during construction of the container terminal at Terminal 18. The
sand and gravel fill encountered in Borings MW—6, MW-8, MW-9 and MW-13
appears to be related to construction of the eastward extension of the
site boundafy.

Boring MW-12 encountered gravel with sand to a depth of about
10.5 feet below grade. Boring MW—12 is located west of the area of the
recent fill placement and the gravel with sand encmxmerea at this

location does not appear to be related to the eastward extension of the

site.

10
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The hydraulic conductivity of the uppermost portion of the fine to

medium sand unit (dredge £{ll) is estimated to be about 0.006 feet per

minute based on the grain size distribution of the scil. The hydraulic

conductivity of the imported sand and gravel fill is estimated to be about

0.03 feet per minute based seoil grain size characteristics.

GROUND WATER CONDITIONS

Monitor Wells MW-1 through MW-13 were installed® in the thirteen=

borings completed during this study. Construction details for the wells
and details of the field exploration program are given in Appendix A.

Monitor Well HC-2, located in the southwest corner of "the former
Sheil bulk terminal, and Monitor Wells A—1 through A-5, located in the
area of the current Shell tank truck loading rack, were installed by
others prior to this study and were included in our field program to
provide additional details relating to ground water conditions. The
locations of the monitor wells are shown in Figure 4.

We measured the depth to the ground water table in the monitor wells
several times, including two 12-hour intervals on February 6 (Wells MW-1
through Mw-9, HC-1, and A-~1 through A-5) and June 4, 1988 {Wells MW-1
through MW-12, HC—-1, and A=l through A-5). Fluid levels were also
measured in Wells MW-7, MW-10, MW-11, MW=12 and MW-13 during a 48-hour
interval between October 26 and October 28, 1988. The elevation of the
surface of the East Duwamish Waterway was monitored during these periods
to evaluate the relationship between tide height and ground water
elevations. The ground water table was encountered at depths of about 6.5

to 10 feet below pavement grades at the time of cur measurements. Plots

11
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of the elevation of the ground water table in each monitor well and the
elevation of the surface of the East Duwamish Waterway during the l2-hour
periods on February 6 and June 4, 1988 are given in Appendix A.

The elevation of the ground water table beneath the site generally
does not appear to respond to tide changes in the East Duwamish Waterway,
with the exception of the extreme eastern portion of the site (adjacent to
the waterway). The ground water elevation in-Monitor Wells MW-6, MW-7,
MW—9, MW-12 and MW-13 responded to tidal changes. The ground water level
varied by about 0.25 to 0.5 feet in Monitor Well MW-7 in response to tidal
fiuctuations of about 7 and 12 feet in the East Duwamish. Waterway on
February 6 and June 4, 1988, respectively. The water level varied by 2.5
to 3 feet in Monitor Wells MW-6 and MW~9 on these dates. The elevation of
the ground water table varied by about 2 feet in Monitor Well MW-12 on
June 4, 1988. The elevation of the ground water table varied by about 3
feet in Monitor Well MW-13 in response to tidal fluctuation of about 6
feet on October 26, 1988. The lag time between peak water levels in the
East Duwamish Waterway and the wells ranged from about 0.75 hours in
Monitor Well MW—6 to about 1.75 hours in Monitor Well MW-9.

The approximate elevation of the ground water table in the monitoxr
wells at about high tide, mid tide and low tide based om the February 6
and June 4, 1988 measurements are shown in Figures 5 through 10. Contours
of the elevation of the ground water table based on the menitor well
measurements are also shown in Figures 5 through 10.

The general direction of ground water flow beneath the former Shell

Terminal appears to be eastward toward the East Duwamish Waterway during

12
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periods of low to moderate tide, as shown in Figures 6, 7, 9 and 10.
Ground water appears to flow from the East Duwamish Waterway toward the
central portion of the site during periods of high tide, as shown in
Figures 5 and 8.

The exchange of ground water with surface water in the East Duwamish
Waterway appears to occur primarily beneath the northeastern and
southeastern .corners of the former Shell bulk terminal. The relatively
high degree of hydraulie connection between the ground water. aguifer and
the Bast Duwamish Waterway in the northeastern and southeastern portions
of the site is reflected by the response of the ground water table to
tidal flux, as measured in Monitor Wells MW-6, MW-9, MW-12 and MW-13.

The direction of ground water flow beneath the eastern portién df the
former Shell bulk terminal appears to be affected by the presence of the
relatively permeable imported fill in this area and a timber bulkhead
which formed the eastern site boundary prior to construction of the
container facility at Terminal 18. During construction of the container
faeility, a sheet pile bulkhead was installed east of the timber bulkhead
and imported fill was placed between the two bulkheads. The locations of
the timber and sheet pile bulkheads are shown in Figures 5 through 10.

A review of aerial photographs and plans of the former Shell bulk
terminal indicates that the timber bulkhead does not extend to the
northeastern portion of the site (in the vicinity of Monitor Well MW-9).
The absence of the timber bulkhead and presence of relatively more
permeable imported fill appears to allow ground water and surface water to

exchange more easily in the northeastern portion of the site.

13
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Buried petroleum product pipelines pass through the timber bulkhead
and the more recent sheet pile bulkhead in the southeastern portion of the
site. The flow of ground water along the pipeline alignment and the
presence of permeable imported £ill may facilitate subsurface water
exchange between East Duwamish Waterway and the southeastern portion of
the site.

Monitor Well MW—8 is located between the. timper bulkhead and sheet
pile bulkhead in the area of a former ferry fueling slip. The elevation
of the water surface in Monitor Well MW-8§ did nat respond significantly to
tide changes in the East Duwamish Waterway. The lack of response suggests
that the subsurface in the vicinity of Monitor Well MW-8 is hydraulically

isolated from the regions near Monitor Wells MW-6, MW—9 and MW-13,

POTENTIAL SITE CONTAMINATION

GENERAL

Potential sources of soil and ground water contamination on Harbor
Island include lead 'smelting, scrap metal yards, petroleum and non-—
petroleum oil terminals, metal processing facilities, and shipyazd
operations. Previous studies and remedial measures on Harbor Island have
primarily dealt with airborne and surficial soil contaminatioq by lead
smelting and metal processing operations. Future studies by others will
address known or suspected contamination by other hazardous materials.
Systems to recover free (floating) petroleum product from the subsurface

are currently operating at the existing Shell and Texaco bulk terminals on

14
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Harbor Island. ARCO conducted subsurface explorations at their tank Farm
on the western side of Harbor Island during 1987. The results of the ARCO
studies are not available.

Available data suggest that non—petroleum sources of contamination
from off-site locations have had little envirommental impact on the former
Shell bulk terminal property. Analytical results for soil and ground
water samples- collected in 1987 by Hart—Crowser in the southwestern
portion of the former Shell property and property northwest of Terminal L8
indicate insignificant subsurface contamination.

Past studies have indicated that a portion of the subsurface beneath
the former Shell bulk terminal at Terminal 18 is contaminated by petroleum
nroducts. Petroleum—contaminated soil was noted on boring logs during a
1973 geotechnical study (Twelker & Assoc., 1973) and during a 1986
corrosion control study (Norton Corrosion Limited, 1986). Petroleum-—
contaﬁinated soil was observed by the Port’s representatives during
demolition of the bulk terminal during 1980.

y:y systém to recover free petroleum product from the subsurface in the
eastern portion of the former bulk terminal was operated by Shell between
May 1972 and January 1976. Information provided by Shell suggests that
approximately 155,000 gallons of product was recovered during Ithis time
interval. The extent of the free petroleum product plume beneath the
former Shell bulk terminal during January 1975 is shown in Figure 2.
Information related to the extent of the free product plume during

January 1976 (when recovery was terminated) is not available.

15
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A diserete source of the free petroleum product beneath the former
Shell bulk terminal during the 1970s is not known. A search of Ecology’s
files pertaining to Shell 0il Company revealed little information about
activities prior to 1980, other than indications that barrel storage
operations were improved by constructing a concrete storage slab during
the early 1970s.

A thin layer of free petroleum product has been observed within two
concrete vaults which extend below the ground water table in the south—
eastern portion of the former Shell bulk terminal. These concrete vaults
serve as valve pits for the active petroleum product pipelines which are
located beneath the site. These pipelines are contained within a concrete
trough which is lined with polypropylene. The source of the petroleum
product in the southeasterm valve pits appears to have been leaks in the
pipelines due to corrosion. It appears that product which has leaked from
the pipeline has flowed along the pipeline alignment (and concrete trough)
to the valve pits. The water and free product which accumulates in the
southeastern wvalve pits at the site is pumped to an oil/water separator
prior to discharge to the East Duwamish Waterway.

A second pair of valve pits are located in the east—central portion
of the site. Free product does not appear to seep into the eaét—central
valve pits.

Ecology’s files indicate that spills of 12,200 and 9,000 gallons of
gasoliné occurred during 1981 and 1982, respectively, at the existing
Shell tank farms, located west of lith Avenue Southwest. Data from

Ecology’s files also indicate that a plume of free petroleum product is

16
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present beneath the existing Shell tank farms and that about 200 gallons

of free petroleum product was recovered from the subsurface during a

period of about one month during early 1987.

SUBSURFACE CONTAMINATION
General: Explorations for potential subsurface fuel-related
contamination at the Fformer Shell bulk terminal during our studies have
included:

A, Physical and visual examination of soil samples for the presence
of petroleum odor and/or sheen in the samples.

B. Measuring the air space in the monitor well casings for hydro-
carbon (combustible) vapors by using a "TLV Sniffer" combustible
gas indicator.

c. Sampling rhe water table interface in each well with a trans-—
parent bailer for the presence of free (floating) petroleum
product.

D. Obtainiﬁg a sample of free petroleum product from Monitor
Wells MW—7 and MW-12 and analyzing the samples for product type,
API gravity, and flash point.

E. Field measurement of pH, temperature and electrical coqductivity
of ground water from the monitor wells.

F. Chemical analysis of ground water samples from the monitor wells
for petroleum-related contaminants. Ground water samples
collected from the monitor wells were analyzed by EPA Method 602
for benzene, toluene, xylenes (m,p,o0), chlorobenzene,

ethylbenzene and dichlorchenzenes. The ground water samples

17
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were also analyzed for petroleum hydrocarbons by EPA Method
418.1 and for total dissolved lead and dissolved organic lead
by EPA Method 7421.

Details of the field exploration and sampling program are given in
Appendix A. Pertinent subsurface contamination data are summarized in
Table 1. Laboratory reports for the ground water samples are given in
Appendix B,

Petroleum1ike Odors, Sheen and Hydrocarbon Vapors: Petroleum—like
odors were detected in soil samples from Borings MW~1 through MW-8 and MW-—
10 through MW-13. Petroleum~like odors were not detected in so0il samples
from Boring MW-9.

Petroleum-like sheens were observed in scil samples from Borings MW-—
3, MW-7, MW-10 and MW-11. Petroleum—like sheens were not observed in soil
samples from the remaining borings.

Hydrocarbon (combustible) vapors were detected within the well
casings at significant concentrations {(>400 ppm) in Monitor Wells MW-1
through MW-5, MW-7, MW-10 through MW-12 and Mw-Al through MW-AS5 on
February 6 and/or June 6, 1988. Hydrocarbon (combustible) vapor
measurements are summarized in Table 1.

Free Petroleum Product: Free (floating) petroleum préduct was
detected in Monitor Wells MW-3, MW-7, MW-12, MW-A3 and MW-A4. The
approximate areal extent of thé plume of free product within Terminal 18
is shown on Figure ll1. The thickness of free product measured in these

wells on February 6, June 4, 1988 and October 26 through October 28, 1988

is5 summarized below.
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Monitor Well Free Product Thickness (Feet)
2/6/88 6/4/88 10/26/88 to 10/28/88
MW—-3 0 G 0.75
MW=7 0.91 to 1.11 0.35 to 0.51 0.71
MwW—12 oot installed 0.05 to 1.56 0.37 to C.91
MW—4A3 0.09 to 0.12 0.09 to C.10 not measured
MW—-A4 0 to 0.03 0.01 to 0.04 not measured

Variatien in the thickness of free product within Meonitor Wells MW-7
and MW-12 generally appears to be related to tide height. The greatest
thickness of free product within Monitor Wells MW—7 and MW-12 generally
occurs ar the time of lowest measured water table elevation.

Free product was not detected in Monitor Well MW-3 during our
February 1988 or June 1988 measurements. Free product was detected in
Monitor Well MW-3 during the October 1988 round of measurements. The
water table elevation in Monitor Well MW-3 decreased by about 0.67 feet
between the February 1988 and October 1988 measurements, apparently as a
result of seasonal precipitation patterns. The presence of free product
in Monitor Well MW=3 during the October measurements may be related to the
lower water table elevation that was measured at that time.

Analysis of samples of free product from Monitor Wells MW-7 and Mw-12
indicates that the product consists of a mixture of about 10 percent
gasoline and 90 percent diesel fuel with a flash point of 82 to 84 degrees
Fahfenheit and an APT Gravity of 33.8 to 35.5.

Ground Water Quélity: Ground water samples were collected on

January 30, 1988 for analysis by EPA Methods 602 and 7421 from Monitor

19
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Wells MW-1 through MW-6, MW-8 and MW-9. Ground water samples were
collected for analysis by EPA Method 418.1 from Monitor Wells MW-1l through
MW-6 and MW-8 through MW-11 on May l4, 1988. Ground water samples were
collected for analysis by EPA Methods 602 and 7421 from Monitor Wells
MW—10 and MW—11 on May l4, 1988, Ground water samples were collected from
Monitor Well MW-13 on October 28, 1988 for analysis by EPA Method 602 and
418.1. Monitor wells near the East Duwamish Waterway were sampled during
periods of low tide height. Ground water samples were not collected from
Monitor Wells Mw-7 and MW-12 due to the presence of free petroleum product
in these wells. {Free product was detected in Monitor We;} MW-3 about
nine months after the ground water sample was collected from this well).

A petroleum—like sheen was observed on the surface of ground water
" bailed from Monitor Wells MW-1 through MW—6, MW—-10, MW-11, and MW-13.

. The ground water samples were analyzed for the presence of benzene,
toluene, xXylenes, ethylbenzene, chlorobenzene, dichlorobenzene, petroleum
hydrocarbons, dissolved organic lead and dissolved total lead. Benzene,
ethylbenzené, toluene and xylenes (BETX) are contaminants that are related
primarily to gasoline products but also may be found at low
concentrations in other petroleum fuel products, The petroleum
hydrocarbon analysis generally detects compounds related to diesel fuel
and "heavier" petroleum products. Chlorobenzene and dichlorohenzenes. are :
generally associated with solvents and pesticides. Lead originates from

many sources including some fuel products. Results of the laboratory

analyses are summarized in Table 1 and shown on Figure 12.
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Chlorobenzene, dichlcrobenzene and dissolved organic lead were not
detected in the ground water samples from the site. The concentration of
total dissolved lead in ground water samples from the site was below
detection limits with the aexception of the sample from Monitor Well MW-1.
Total dissoclved lead was detected in the ground water sample from Monitor
Well MW-1 at a concentration of 0.004 ppm, much lower than the currenc
drinking water quality standard for lead {(0.05 ppm). '

The analytical results indicate that BETX was either nondetectable or
at concentrations below current recommendad {or proposed) drinking water
quality standards in ground water samples from. Monitor Wells MW-1, MW-2,
MW—4 through MW-6, MW-8, MW-9 and MW-13. -

The concentrations of benzene in the ground water samples from
Monitor Wells MW-3, MW-10 and MW-11 (350 ppb, 470 ppb and 2500 ppb,
respectively) ex;eed the recommended drinking water quality standard for
benzene (5 ppb). The concentration of benzene in the ground water sample
from Monitor Well MW-11 exceeds the chronic exposure criteria for marine
aquatic life (700 ppb) but is less than the acute exposure ecriteria for
marine aquatic life (5100 ppb). Toluene, xylenes.and/or ethylbenzene were
detected in the ground water samples from Monitor Wells MW-3, MW~10, MW-11
and MW-13 at concentrations less than the applicable drinking water
quality standards.

Petroleum hydrocarbons were detected in ground water from Monitor
Wells MW-10, MW-11, and MW-13 at concentratiorns of 20.3 ppm, 31.3 ppm, and

62 ppm, respectively. The surface water discharge limit for petroleum

hydrocarbons is generally established at 15 ppm. Petreleum hydrocarbons
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were defected in ground water from the Monltor Wells MW-1 through MW-5,

MW-8 and MW-9 at concentrations generally less than 1.0 ppm. Petroleum
hydrocarbons were detected at a éoncentration of 0.53 ppm in the lab blank
suggesting that the low concentrations detected in ground water from these
wells may be related to laboratory contamination.

Ground water from Monitor Well HC-2 was sampled during April 1987 by
Hart-Crowser & Associates, Dissolved fuel-related contaminants including
benzene, toluene, xvlenes and ethylbenzene were not detected during the
April 1987 analysis of the ground water from Monitor Well HC-2.

Ground water temperature, pH and conductivity were measured at time
of ground water sample collection on January 30 and May 14, 1988. Field
ground water gquality measurements are summarized in Table 2. Ground water
temperature ranged from about 10 to 16 degrees centigrade, with the warmer
temparatures measured ian May as compared to Jzanuary. The pH of the
ground water ranged from about 5.9 to 7.9. The conductivity of the ground
water ranged from about 170 to >19,900 umhos/cm. Ground water beneath the
site 1s generally brackish near the East Duwamish Waterway, slightly
brackish in the central portion of the site, and fresh near the western

boundary of Terminal 18.

DISCUSSION AND RECOMMENDATIONS
FREE PETROLEUM PRODUCT
General: Free (floating) petroleum product was detected in Monitor
Wells MW-3, MW~7 and MW-12, located in the central and southeastern

portions of the former Shell bulk terminal. Information provided by Shell
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at that a plume of free product was located in the area of Monitor
Wells MW-7 and MW-12 during 1975. The location of the plume of free
product during 1975 is shown in Figure 2.

We understand that the pipelines at the site have not been used to
transfer gasoline products since the Shell.terminal was demolished.
About 10 percent of the plume of petroleum product is composed of
gasoline, suggesting that at least a portion of rthe product encountered at
the site was present prior to demolition of the terminal.

Remediation: We recommend that future remedial acticns at the former
Shell bulk terminal include implementation of a program to recover free
petroleum product from the subsurface. A test pumping program was
conducted in Monitor Well MW-7 to evaluate if the eiisé&ng monitor wells
could be used effectively for the recovery of free product. The program
consisted of removing water and product from Monitor Well MW-7 by pumping
with vacuum trucks for a period of 48-hours. Water was pumped from
Monitor Well MW-7 at an average rate of about 1.4 gallons per minute (a
total of about 4000 gallomns) with a drawdown in the water level of about
4.5 feet. An insignificant volume of free product was recovered from
Monitor Well MW-7 during the pumping test (only a sheen was observed on
the surface of the water which accumulated in the vacuun truck tank).
Fluid levels were monitored in Monitor Wells MW-10, MW-11l, MW-12 and MW-13
(located near Monitor Well MW-7) during the pumping test. Fluid 1evels-in

these wells did not appear to be affected by pumping from Monitor Well

MW"'? .
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Based on the results of the pumping test, we recommend against using
the existing monitor wells for recovery of free product in the region of
Monitor Wells MW-7 and MW-12. 1Instead, we recommend that a large diameter
recovery well be installed in the area between Monitor Wells MW-7 and MW-
12, located as shown in Figure 11, for the recovery of free product in
this region. The design of this recovery well is based on the recovery
systems that are currently cperating at Terminal 30. Schematic plams for
the recovery system are shown in Figure 13. We estimate that the cost of
installing the recovery system will be about $50,000 with operating/
monitoring costs of about §3,000 per month. We estimate that the recovery
system will operate for a period of at least 2 years. )

A second recovery system may be needed in the region of Monitor Well
MW~3. Free product was detected in this well for the first time during
our last round of measurements on October 28, 1988. We recommend that
the second recovery system be installed if free product continues to be
detected at Monitor Well MW-3 after 6 months of operation of the proposed
recovery system near Monitor Wells MW-7 and M™MW-12. Costs for the second

system will be similar to costs for the proposed recovery sysitem near

Monitor Wells MW-7 and MW-12,

GROUND WATER CONTAMINATION

General: The concentrations of dissolved petroleum-related
contaminants (BETX and petroleum hydrocarbons), dissolved organic lead and

total dissolved lead in ground water from Monitor Wells MW-1, MW-2, MW-4,
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MW-5, MW-6, MW-8, and MW-9 were generally nondetectable or less than the

recommended {or proposed) drinking water quality standards for these
contamiﬁants.

Elevated concentrations of benzene were detected in ground water from
Monitor Wells MW-3, MW-10 and MW-1l. Monitor Wells MW-7 and MW-12 are
located near the East Duwamish Waterway and free product has been detected
in these wells. Ground water samples were not collected from these wells
because of the ﬁresence of free product., We expect that ground water in
the vicinity of Monitor Wells MW~7 and MW-12 also contains elevated
concentrations of dissolved petroleum-related contaminants.

Ground water appears to flow to the East Duwamish Waterwaf primarily
from beneath the northeastern and southeastern corners of the site (near
Moniter Wells MW-6 and MW=9), although a2 limited amount of seepage of
ground water in an eastward direction from beneath the plume (toward
Monitor Well MW-13) may occur.during periods of low tide. Benzene was not
detected in ground water from Monitor Wells MW-6, MW-8, MW-9 and MW-13,
located near’ the East Duwamish Waterway and downgradient of Monitor
Wells MW~3, MW-7, MW-10, MW-11 and MW-12. It 1s possible that.the
concentrations of benzene detected in ground water from Monitor Wells
MW-3, MW-10, Mw-1l and from beneath the free product plume degline to
nondetectable levels through dilution and/er biodegradation as ground
water flows eastward and mixes with brackish water before discharging into
the East Duwamish Waterway.

An elevated level of TPH was detected in ground water from Monitor

Well MW-13, located east of the free product plume and the timber
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ead. The presence of TPH in ground water from Monitor Well MW-13
suggests that the "heavier" dissolved components of the free product may
be slowly migrating thiough the timber bulkhead in Ehis region. TPH
generally degrades less rapidly than BETX and ground water contaminated by
TPH may be migrating to the East Duwamish Waterway in the vicinity of
Monitor Well MW-L13.

Although we expect thar ground water in the region of the free
product plume is contaminated by components of petroleum products, the
contaminated ground water doas not appear to represent an imminent threat
to public health or the enviroument. As described previously, the
exchange of ground water with surface water in the East Duwamish Waterway
appears to occur primarily from beneath the southeastern and northeastern
corners of the site {(in the vicinity of Monitor Wells MW~6 and MW-9,
respectively), areas in which little or no petroleum—related contamination
has been detected in ground water.

Remediation: We estimate that contaminated ground water will be
pumped from the recovery well(s) at a rate of about 4 gpm per well during
the proposed free product recovery program. We recommend that this water
be routed through an oil/water separator prior to discharge to the METRO
sewer system. We estimate that the cost of installing the oi}/water
separator will be about $5,000 with the cost of water disposal at about

$4,500 per well per year.
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We recommend that the possible nead for additional treatment of
ground water {(in addition to the water pumped during the proposed free
product reccvery program) be evaluated after completion of the proposed

free product recovery program.

ADDITIONAL MONITORING

We recommend that the on-site monitor wells be measured monthly to
monitor future trends in water levels and produc; thickness. We further
recommend that ground water samples be collected from Monitor Wells MW-6,
MW~-8, MW-9, and MW-13 on a quarterly basis (4 times per year) and analyzed
for the presence of petroleum—related contaminants to estab;}sh a data

base for future evaluation.

OIL/WATER SEPARATORS

Four concrete vaults which are located near the East Duwamish
Waterway are used as valve pits for the petroleum product pipelines.
Ground water which accumulates in the vaults is pumped to two separate
oil/water separators. Water from the oil/warer separators is discharged
to the East Duwamish Waterway through the storm water system. Free
product has accumulated in the southeastern valve pit in the past
apparently as a result of pipeline leaks.

We recommend that the volume of free preduct that accumulateé in the
southeastern oil/water separator be monitored on a weekly basis to
evaluate the rate of product accumulation, to detect potential future
leaks in the pipelines, and to determine when the oil/water separater is

at capacity with respect to the stored volume of free product.
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P/ AN

LIMITATLONS

We have prepared this report for use by the Port of Seattle in the
evaluétion of subsurface petroleum—related contamination at the former
Shell bulk terminal at Terminal 18. The information contained herein is
not applicable to other sites.

Qur conclusions are based on limited subsurface data and are subject
to modification based on the results of future monitoring and/or addi-
tional explorations at the sice.

Within the limitations of scope, schedule and budget, our services
have been executed in accordance with generally accepted practices in this
area at the time the report was prepared. No other conditions, express or

implied, should be understoed.

We appreciate the opportunity to be of service. Please call if you

have any questions regarding our report.

Respectfully submitted,
GeoEngineers, Inc.

oS A By e

John H, Biggane
Project Manager

ir O Jreclllin

James A. Miller
Principal

JHB:JAM:cs
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SUMMARY OF GROUND WATER ANALYTICAL DATA

e
1

Petroleum

s;aau;ﬁug% 01

Dissolved Dissolved Hydrocarbon Vapor(Z) Odor
Ethyl~ Total Petroleum Orpganfe Total Concentration bBoteeted
Menitar Benzene Toluene benzene Xylenes Hydrocarbons Lead Lead (ppm) During
Well {ppb) {ppb) (ppb)  (ppbl (1) {ppm) {ppm) {ppm) 2/6/88 /4788 Drilling Comments
HW-1 0,5 0.7 €0.5 <0.5 Q.27 <0.01 0.004 6800 40 Yes Slight sheen on water
MW-2 0.5 0,91 <0.5 <0.5 0.30 <0.01 <0.002 210,000 54 Yes Slight sheen on water
MW-3 350 7.1 0.90 72 1.9 <0.01 <0, 002 210,000 >10,000 Yog Slight sheen on water
MW-4 Q.5 <0.5 €0.5 54 0.13 0.0} <0.002 »10,000 >10,000 Yes Slight sheen on water
MW-5 <0.5 1.2 <0.5 0.98 0.40 <0.01 0,002 9000 210,000 Yes Dark sheen on water
MH-6 <6.5 0.76 1.3 1.89 - <0.01 0.0u8 60 - Yos park sheen on water
MW=-7 -- - - -- . —-— —-- 210,000 210,000 Yus Free product present on water
[ M-8 <0.5 <0.5 <0.5 0.5 <0.05 <0.01 <0.002 30 o Yas No sheen
e Mw-9 <0.5 <0.5 <0.5 1.2 0.07 | <0.01 <0.008 340 140 No No sheen

MH-10 470 29 <12.5 k1 20.3 <0.,01 £0.002- - 210,000 Yes Sheen on water
MW~ 11 2500 48 150 423 31.3 <0,01 <0.002 -— »10,000 Yes Sheen on water
MW-12 - -- - -- - -= .o —- 210,000 Yes Free product present on water
MW-113 <5 6.5 . <5 9.8 62 -- - -- - Yes Sheen onm water
HC-2 <l <h. <l. <i. - - {0.01 40 240 Na
MW-Al — il - - - - - 2400 210,000 -
MW-A2 - -~ - - - - -- >10,000 >10,000 -

, MW-A3 - - -= - - i - >10,000 >10,000 - Free product present on water
HW-~Ad - -= - - - — -= 210,000 210,000 - Free product present on water
Md-AS - -— - -— -- - - 210,000 210,000 ~—

'

Notes: (1) Sum of o, m & p xylenes.

. {2} Measurements obtained in menitor wells using Bacharach TLV Sniffer calibrated to hexanc (110 ppm = 1X LEL of hexane).
-~ = Not sampled or tested.
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TABLE 2

SUMMARY OF FIELD GROUND WATER QUALITY MEASUREMENTS

Temperature Conductivity

Monitor {°c) {umhos/cm) pH

Well 2/6/88 6/6/88 2/6/88 6/4/88 2/6/88 6/4/88
MW—1 10 13.3 220 330 7.3 7.0
MW—2 11.5 13.9 185 170 6.7 6.5
MW-3 11.5 13.3 570 470 6.0 7.0
MW—4 15 16.1 1060 760

MW—5 12 13.9 1940 1700 6.2 6.3
M6 14 — 1320 — 6.6 —
MW—8 10 15.6 2030 1070 5.9 6.7
MW-9 10 12.2 1330 >19,900 7.6 7.9
MW-10 - 14.& — 1120 — 6.4
MW-11 — 14,4 — 950 — 6.2
MW-12 — — — — — —
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O o;)'

@ o%;ww_w v
O

L,

GROUND WATER TABLE CONTOUR

~— 0.0~ BASED ON 2/6/88 MONITOR WELL

MEASUREMENTS

LOW TIDE OF 1.2 FEET AT 0029 HRS. ON 2/6/88
HIGH TIDE OF 11.9 FEET AT 0715 HRS., ON 2/6/88
LOW TIDE OF 4.2 FEET AT 1325 HRS., ON 2/6/88
HIGH TIDE OF 9.3 FEET AT 1853 HRS. ON 2/6/88
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8.53
13th Avenue S. W, 5
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2
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EXPLANATION:

e~ SENERAL DIRECTION .OF "
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9.02 APPROXIMATE GROUND WATER TABLE
ELEVATION ON 6/4/88 AT 0701 HRS!

:: Shell Tank Yard

ARCOQ Tank Yard
W-A4 Shell Tank‘ Truck
.30 MW-AB _Loadlng Facllity
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Terminal O O Shell Tank Yard

,39/" GROUND- WATER TABLE CONTOUR
( BASED ON 6/4/88 MONITOR WELL
) MEASUREMENTS

MA NOT ACCESSIBLE ON G6/4/88

N

LOW TIDE OF 7.6 FEET AT 0251 HRS. ON 6/4/88
HIGH TIDE OF 9.7 FEET AT 0701 HRS. ON 6/4/88
LOW TIDE OF -2.2 FEET AT 1430 HRS. ON 6/i4/88
HIGH TIDE OF 12.4 FEET AT 2212 HRS. ON 6/4/88:

MW=A3
§.38
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Texaco Tank Yard OO o
OO i
' . GROUND WATER TABLE CONTOUR MAP
o000 0 O C oﬁ‘&Enf’meers .| JUNE 4, 1088 AT 0701 HRS.(HIGH TIDE)
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EXPLANATION:

‘GENERAL DIRECTION OF
GROUND WATER FLOW

MW-T® MONITOR WELL LOCATION -
8.95 APPROXIMATE GROUND WATER, TABLE
ELEVATION ON 6/4/88 AT 1045 HRS,

MW—A4 Shell Tank Truck
3"0 JAW=-AS / Loading Facility

8:29 Mw-A1 T

o~ GROUND WATER TABLE CONTOUR
9 BASED ON 6/4/88 MONTITOR WELL

f MEASUREMENTS

" NA  NOT ACCESSIBLE ON 6/4/88

LOW TIDE OF 7.6 FEET AT 0251 HRS. ON 6/4/88
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8,53
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§.37
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2
0w
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FIGURE 9
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FIGURE 10
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" w— . Enast Duwamish Waterway —e——o

~ Concrete Apron

MONITOR WELLS MW-1 THROUGH MW-6, MW-8
AND MW-9 WERE SAMPLED ON 1/30/88 (TPH SAMPLES
FROM THESE WELLS WERE COLLECTED ON 5/14/88).
MONITOR WELLS MwW-10 AND MW-11 WERE SAMPLED ON®

5/14/88,

N MWw-94
X=1.2
\Q'l"ﬂ 07
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SAMPLE COLLECTION N
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APPENDTIX A

FIELD EXPLORATIONS
DRILLING AND SOIL SAMPLING PROGRAM

Subsurface conditions at the former Shell terminal were explored by
drilling thirteen borings (Borings MW-1 through MW-13) at the locations
indicated in Figures 2 and 4. Borings MW-1 through MW—5, MW-7 and MW-8
warae drilled on December 16, 1987. Borings MW—6 and MW-9 were drilled on
January 8, 1988. Borings MW-I0 throughw-MW-12 were drilled on April 30,
1988. Boring MW-13 was drilled on October 13, 1988. The borings were
drilled to depths of about 15 to 20 feet using truck—-mounted, hollow-stem
auger drilling equipment. The drilling and soil sampling equipment was
cleaned with a hot—water pressure washer between each boring. The soil
sampling equipment was washed in a trisodium phosphate sclution, rinsed
with a hot—-water pressure washer, and rinsed again with distilled water
rinse prior to each sampla attempt.

A geologist from our staff determined the boring locations, examined
and classified the soils encounterad, and prepared a detailed log of each
boring. Soils encountered were classffied visually in general accordance
with ASTM D—-2488-83, which is described in Figure A-l1. An explanation of
the boring log symbols is presented in Figure A-2. The boring logs are
given in Figures A-3 through A-1i5,

Relatively undisturbed soil samples were obtained from each boring at
about 5 foot dintervals using a 2.4 inch I.D. spiit—spoon sampler. The
sampler was driven 18 inches by a 300-pound weight falling a vertical
distance of approximately 30 inches. The numher of bhlows needed to
advance the sampler the final 12 inches is indicated to the left of the
corresponding sample notations on the boring logs.

Sieve analyses were performed on several soil samples to determine
s50il grain—-size distributioms. The results of the sieve analyses are

given in Figures A—-16 to A-20.
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GENERAL. GROUND WATER QUALITY

The temperature, pH and electrical conductivity of ground water which
was bailed from the monitor wells during sample collection were measured
with Whatman pH, temperature and conductivity sensors. The calibraticn of
the pH and conductivity sensors was checked against standard solutions
prior to measurements at each well. The calibration of the temperature
sensor was compared to a laboratory thermometer prior to use in the field.
The results of these measurements are summarized in the main body of this

report.

GROUND WATER ELEVATION AND FREE PRODUCT THICKNESS

The depth to the ground water table relative to the monitor well
casing rims was measured several times during two tide cycles on
February 6 and June 4, 1988. A single round of well measurements was also
conducted on October 28, 1988. The measurements were made in Monitor
Wells MW~7, MW—-12 and MW-Al through MW-AS using a weighted fiberglass tape
and water—finding paste. The measurements were made in Monitor Wells Mw-l
through MW-6, MW-8 through MW-11 and HC-2 with an electric sounder.
Equipment which came in contact with the well casings was washed in a
trisodium phosphate wash followed by a distilled water rinse prior to
insertion in each well. Ground water elevation was calculated hy
subtracting the water table depth from the casing rim elevation. Free
product thickness was calculated by subtracting the depth to water from
the depth to product. Water tabie and free product positions measured on
February 6, June 4, or October 28, 1988 are shown on the monitor well
logs. .

Plots of the elevation of the ground water table in each monitor well
and the elevation of the East Duwamish Waterway during approximately

12~hour periods on February 6 and June 4, 1988 are shown in Figures A-21

through A-52.

HYDROCARBON VAPOR CONCENTIRATIONS

Hydrocarbon vapor concentrations were measured in the monitor wells

on February 6 and June 4, 1988. Vapor concentrations in parts per
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millicn (ppm) were measured with our Bacharach TLV Sniffer, which is
calibrated to hexane. The field data are presented in Table 1 of this

report.

ANALYTICAL PROGRAM

The water and product samples were analyzed by Analvtical
Technologies, Inc. The water samples were analyzed for purgeable
aromatics by EPA Method 602, total recoverable petroleum hydrocarbons by
EPA Method, 418.1, and organic and total lead by EPA Method 7421, The
petroleum product samples were analyzed for product type, flash point, and
API gravity by EPA Metheds 8010 (modified), 1010 (modified) and ASTM D287,
respectively. Analytical, QA and Chain of Custody reports are given in

Appendix B,
Contaminants were not detected in the rinseate or trip blank samples.

The results for the blind and duplicate analyses are generally within

acceptable iimits and are given in Appendix B.
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SQIL CLASSIFICATION SYSTEM

G
MAJOR DIVISIONS vy GROUP NAME
WELL-GRADED GRAVEL, FINE TC
COARSE GRAVEL CLEAN GRAVEL GwW CGEReE aaEoS
GRAINED GP FOORLY-GRADED GRAVEL
3Q0ILS
MORE THAN 50% GRAVEL GM SILTY GRAVEL
OF COARSE FRACTION
RETAINE D WITH FINES
CON NG. 4 SIEVE GG - 1y GLAYEY GRAVEL
MORE THAN 50%
RETAINED ON WELL-GRADED SAND, FINE TO
NO. 200 SIEVE SAND CLEAN SAND SW COARSE SAND
sP POORLY-GRADED $AND
MORE TEAFNRS%%ON SAND SM SILTY SAND
OF GOARS A
ARSE f WITH FINES ,
NO. 4 SIEVE sC CLAYEY SAND
SILT AND CLAY ML SILT
FINE INORGANIC
GRAINED cL CLAY
80ILS LIQUID LIMIT
LESS THAN 50 ORGANIC oL CRGANIC SILT, CRGANIC CLAY
SILT AND CLAY MM SILT OF HIGH PLASTICITY, ELASTIC SILT
MORE THAN 50%
PASSES NO, 200 INORGANIC
SIEVE CH CLAY QF HIGH PLASTICITY, FAT CLAY
Liquio Limit
£§0 CR MORE ORGANIC oH ORGANIC CLAY, ORGANIC SILT
HIGHLY ORGANIC SOILS PT PEAT
NOTES: SOIL MOISTURE MODIFIERS:

1. Field cfassification Is based on
visual examinaticn of soil in general
accordance with ASTM D2488-a3.

2. Soil classitication using laboratory
tests Is based on ASTM D2487-83.

3. Descriptions ol soil denslty or
consistency are based on
interpretation of blowcount data,
visual appearance of soils, and/or
test data.

Ory - Absence of moisiure, dusty, dry
to the touch

Malist ~ Damp, but no visible watar
Weat ~ Visibie free water or saturated,

usvally soil is obtained from
below water table

SOIL CLASSIFICATION SYSTEM

FIGURE A - 1
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AL
CP
Cs
D8
GS
HA
K

M
MD
1
TX
uc
CA

Moore

p

of drill

NOTES:

of

LABORATORY TESTS:

Atterberg limits
Compaction
Censolidation

Direct shear
Grain-size analysis
Hydrometer analysis
Permeability
Moisture content
Moisture and density
Swelling pressure
Triaxial compression
Unconfined compression
Chemical Analysis

BLOW-COUNT/SAMPLE DATA:

Blows required to drive Dames &

sampler 12 inches or

other indicated distances using

ound hammer falling

inches.

"P” indicates sampler pushed with
weight of hammer or hydraulics

rig.

subsurface conditions.

SOOIl GRAPH:

SM Soit Group Symbel
{See Note 1)

Distinct contact between
ML Scil Strata

Gradual Change between
/ Soil Strata

~Z- Water Leve|,

g Bottom of Boring
22l Location of relatively
undisturbed sample
12 Location of disturbed sample
P Location of sampling attempt
with no recovery
10 [d Location of sample attempt
using Standard Penetration Test
procedures
40 Location of relatively undisturbed

sample using 140 pound hammer
falling 30 inches.

1. Soil classification system is summarized in Figure A-1.

2. The reader must refer to the discussion in the report text
as well as the exploration logs for a proper understanding

GE1l 86-88
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KEY TO BORING LOG SYMBOLS

FIGURE A-2
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12/18/87

TTF:TH:KKT

G305-24-4

DEPTH IN FEET

MONITOR WELL NO. Mw-1

-]
WELL SCHEMATIC e B
Casing Elevation: 16.73 ;3 5 Group DESCRIPTION
Casing Stickup: -0.2 @0 ® Symbol Surface Elevation: 18.4
~—5 TEEL SURFACH AL ASPHALTIC CONCRETE
ﬁa MONLIMENT
L W BROWN FINE TO COARSE SAND WITH GRAVEL AND A
6r“CEMENT GROUT TRACE OF SILT (MEDIUM DENSE, MOIST) =
o
A 2~ [NCH,
SCHEDULE &0
PVC WELL =
CASING
25 i
SP DARK BROWN FINE TO MEDIUM SAND WITH A TRACE OF

MEDIUM SAND
BACKFILL

« l

—2-INCH,
SCHEDULE ud
PVC WELL
SCREEN, .020
[NCH SLOT
WIiDTr

BASE OF WELL

AT 14,3 FEET

16 —

SILT C(DENSE, MOIsTY

N_WATER LEVEL ON 2/5/8%
GRADES TO WET

S5TROMG PETROLEUM OQDOR

GRADES TO MERIUN DG

BORIMG COMPLETED AT 15 FEr™ ol 12/14/87

Note; See Figura A-2for Explanation of Symbols

—

A
K2t

LOG OF MONITOR WELL

FIGURE A-3
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12/18/87

TTF:TMHIKKT

V303-24-4

DEPTH IN FEET

MONITOR WELL NO. MwW~2

WELL SCHEMATIC le
Casing Elevation:17.08 ;g
o

Samples

PDESCRIPTION

Group
Casing Stickup: -0.1 Symbol Surface Elevation: 17.2
a -
{ /FV+|—STEEL SURFACH AC ASPHALTIC CONCRETE
/ MONUMENT
L A SW GRAVIGH-BROWN FINE TO COARSE SAND WITH GRAVEL
1 AP [Sl-cement crout AND A TRACE OF SILT (VERY DENSE, MOIST)
SN S5LIGHT HYDROCARBOM ODOR
N j’ 2-1NCH,
"l {4 SCHEDULE 40
2— =] Iy Pve WELL
N ’\A CASING
>g2
s+ [l :
MEDIUM SAND
BACKFILL -
5P DARE RRDWM FINE To MEDTUM 3AMD WITH A Z OF

—2- | MCH,
SCHEDULE 40
PVC WELL
SCREEN, ,020
[NCH SLOT
WIDTH

i) BASE OF WELL
15— ~—=—) AT 14.7 FEE]

18 —

SILT (LOQSE, ™MOIST)

N WATER LEVEL OM 2//78

GRADES TO WET

MODERATH PETROLEUM GDBOR

HORITHG COMPLETED AT 15 FZI7 00 127106737

Mote: See Figure A-2for Explanation of Symhbols

o s

LOG OF MONITOR WELL

FIGURE A-4
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MONITOR WELL NO. MW-3

10 —

11 =

12—

13 —

14 —

156 —

o
WELL SCHEMATIC v B
Casing Elevation: 17.25 §g E Group DESGRIPTION
Casing Stickup: -g.2 mo ¢ Symbol Surface Elevation; 17.4
I, STEEL SURFACH AL_J ASPHALTIC CONCRETE
é 7 MONUMENT e
:_iﬁ 5W | GRAYISH-BROWN FINE TO COARSE SAND WITH GRAVEL
) A—CEMENT GROUT AND A TRACE OF SiLT (DENSE, MOI{ST)
& SLIGHT PETROLEUM 0ODOR —
Vodee 2= INCH,
N
S/ SCHEDULE 49
Lol PvC WELL
1 casineg B
o
SP | DARK BROWN FINE TO MEDIUM SAND WITH A TRACE OF |—

MEDIUM SAND
BACKFILL

2= [NCH,
SCHEDULE 40
PVC WELL
SCREZN, .020
INCHM SLOT
WIDTH

BASZ OF WELL
AT i4.4% FEET

18 —

SILT (MEDIUM DENSE, MOIST TO WET)

SM_WATER LEVEL ON 2/6/83
STRONMG PETROLEUM 0DOR - SHEEN ON SOIL

GRADES 70 LOOSE AND WET

BOR NG COMPLETED AT i3 FRET oM 12716787

Symbols 4

LOG OF MONITOR WELL

Note: See Figure A-2for Explanation of
%‘:}; ineers -
*’ incorporated

FIGURE A-5
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MONITOR WELL NO. MwW-4
o
WELL SCHEMATIC ;T:' a
Casing Elavation: 17.24 o3 g Group DESCRIPTION
Casing Stickup: -0.2 Mm@ ©® Symboi Surface Elevation: 17.5
0
VI A-STEEL SURFACE Al ASPHALTIC CONCRETE
4? 1{ MONUMENT SW BROWN FINE TO COARSE SAND WITH GRAVEL AND A
TRACE OF SILT (DEMSE, M
1 —{[<] |¥-CEMENT GROUT ¢ » MOIST)
AY
N 2- [NCH,
. SCHEDULE &40
L. PVC WELL
3 CAS ING
. SLIGHT FETROLEUM ODOR
45 III
5P DARK 'BROWN FIME TO MEDIUM SAND WITH A TRACEZ OF
SILT (MEDIUM BEMNSE, MOIST)
~
% MED[UM SAND
= BACKFiLL
~ -
™ w
- w
[T
=
; SWATER LEVEL OM 2/%743
}—
o 12 . MODERATE PETROLEUM ODOR
Q
GRARES TO LOOSE AND WET
—
h¥4
4
&
<
—
(-
—2- [NCH,
SCHEDULE 40
PY{ WELL
SCREEN, .020
INCH SLOT
WIDTH
T
o
™
1
s
:D,
BASE OF WELL
AT 14.3 FEET
BORING COMPLETED AT L5 FEET ON 12/18/87
16 —
Note: Sge FigureA-2 for Explanation of Symbolis
i//‘i“ LOG OF MONITOR WELL
AN\$4 GeoEngineers
h‘ ” Incorporated | FIGURE A-6
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MONITOR WELL NO. MW-5

0]
WELL SCHEMATIC L 2
Casing Elevation: 17.27 33 % aroup DESCRIPTION
Casing Stickup: =-0.2 @0 o Symbol Surface Elevation: 17.4
O =177 =7I—<TEcL SURFACE AC ASPHALTIC COMGRETE
44 MONUMENT
o SW BROWH FINE TO COARSE SAND WITH GRAVEL AND A
1 — 7Y [AF-CEMENT GROUT TRACE OF SILT (MEDIUM DENSE, MOIST) SLIGHT
S ENE PETROLEUM ODOR
/A -
R INE
Vb= 2 [NCH,
2 — bz SCHEDULE 40
b PVC WELL
CAS NG SpP GRAY FIME TO MERIUM S5AKD WITH A TRACE OF SILT
{MEDIUM DENSE, MGQIST) SLIGHT PETROLEUM CDOR
3—.
27 IR
4 —
5§ — /é:/A DARK BROWM #[NE 70 MEDIUM SAND WITH A TRACE
OF SILT (LOQSE, MOIST)
6 ~—
7 — GRADES TO WET
. e | MEDIUM SAND ’
o w BACKFILL
S~ .
e z g N WATER LEVEL 0N 2/5/3%
:
& 10 . MODERATE TO STROMG PETROLEUM CDOR
a
9.——
y 10 —
p4
=z
[
w 11 —
el b2 - [NCH,
SCHEDULE &0
PVC WELL
12 — SCREEN, .020
INCH SLOT
WIDTH
a3
A 13 =
=~
1
: 3
=
=\
=] 14 —
BASE OF WELL
18 — AT 1.6 FEET o e
BORIMG COMPLETEDR AT 15 SEET S 12716737
16 —

Note:; See Figura A~2for Explanation of Symbols

LOG OF MONITOR WELL

r

\

AN

GeoEngineers

Incorporated FIGURE A-7

2z
A\
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MONITOR WELL NO. MW-6

WELL SCHEMATIC

w0
[
1 -E "5_
Casing Elevation: 17.44 gg € Group DESCRIPTION
Casing Stickup: =0.1 @a o Symbol Surface Elevation: 17.5

0 STEEL AC 5-INCH ASPHALTIC CONGRETE
] SURFAGE GW BROWN FINE TO COARSE GRAVEL WITH SAND AND A
i MONUMENT TRACE 0F SILT (DFNSE, MOIST)
CONCRETE
- SEAL “ =
BENTONITE SEAL
N 2~ INCH,
5 — SCHEDULE %0
PVC WELL
- CASING
] & HIGH WATER LEVEL OM 2/G/88
s o T OGRADES T {MEDIUM DENSE, MOIST) WITH CREOQSOTE
. LIKE 0ODOR
E 2-1NCH,
10—} SCHEDULE 40
PVC WELL N LOW WATER LEVEL ON 2/6/88
?EEEEN -020 SW | GRAY FINE TO GOARSE SAMD WITH A TRACE OF S{LT
. (LONSE, WET)
11 1
MEDIUM SAND SP GRAY FINE SAND WITH & TRACE, OF SILT AND
. BACKFILL UCCASIONAL GRAVEL (LOOSE, WET)
16 =~ 5TRONG PETROLEUM ODOR
- 9 B
o .
w
w -
z
= 20 =
I BASE OF WELL
= - AT 20.0 FEET BORIMG COMPLETED AT 0.0 FZET ON 1/8/88
47]
u i

25 —
30—
i
3 i
3 i
¥ 35 —
R i
ii ]
g _
R i
<
A3 40 —
§ Note: See Figure A—2 for Explanation of Symbols
Q
oy
ja
24 LOG OF MONITOR WELL
K45 Geokngineers
i\x\ ” Incorporated FIGURE A-8
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MONITOR WELL NO. MW-7

WELL SCHEMATIC

Samples

DESCRIPTION

[ 4
(=
Casing Elevation: 17.2¢ Eg Group
Casing Stickup: -0.1 me Symbol Surface Elevation: 17.4
]
lan—5 TEEL SURFACE AC [ ASPHALTIC CONCRETE
& MONUMENT $W [ BP0V FINE TO COARSE SAND WITH GRAVEL (MEDIUM
4 - ;«i—CEMENT GROUT DEMSE, MQOIST)
~ \/"
V]2~ INCH,
41N SCHEDULE 40
FU [l PYC wELL
2—“-i- [~| CASING SP 1 GRAY TO DARK BROWH FINE TN MEDIUM SAND WITH
GRAVEL AND OCCASIONAL ASPHALT RUBBLE (VERY
DENSE, MGIST) SLIGHT PETROLEUM ODOR
12n
S —
- SP | DARK GRAY FINE SAND WITH & TRACE OF SILT
® = (MEDIUM DENSE, MOIST) STRONG PETROLEUM ODOR
= w AND SHEEN ON SOIL
o o
~ z g FMED UM SAND
= BACKFILL SPRODUCT LEVEL ON 276788
f=
e 12 . GRADES TO WET
[»]
9 — M WATER LEVEL ON 2/56/83
—
174
j¥4
i 10 —
z
L
- 11—
2-[NCH,
12 — SCHEDULE 49
j PVC WELL
SCREEN, .020
. INCH SLOT
\ 13 ~—f WIDTH
F
™
]
2 - Il
- 14 —
BASE OF WELL
AT 14,3 FEET
15— &
BORIMG GOMPLETED AT 15 FEET OM 12716787
16—

Note: See Figure A~2for Explanation of Symbois

v

\

\J

-

§

LOG OF MONITOR WELL

Geokngineers
Incorporated

VA
A\

FIGURE A-9
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WELL SCHEMATIC
Casing Elevation: 17.1

MONITOR WELL NO. Mw-8

o
2
=4
£

o

w

DESCRIPTION

Group
Casing Stickup: -0.2 Symbol Surface Elevation: 17.3
Q
F=A-STEEL SURFACE AC_ | ASPHALTIC CONCRETE
'A MONUMENT GW | BROWM FINE TO COARSE GRAVEL WITH FINE TO COARSE
34 [*—CEMENT GROUT SAMDY (DENSE, MOIST)
1 — s /\f
NN
‘-./ N -
V1 1{
Y
g Z~ |NCH, S el E AR CE A
SCHEDULE 40 m.ntJWr INE TO COARSE SAND WITH GRAVEL (VERY
PVC WELL DENSE, MOIST)
CASTNG
g
sv |
[
o -
s m MED UM SAND
z w BACKFILL
a Z g—
= MLOWATER LEVEL ON 2/6/58
& 84 . cw SLIGHT PETROLEUM ODAOR
a g
- 10—
W
¥4
=
&« 11—
=
- —2- [NCH,
' ,?SEEE,EEE "o SW | GRAYISH-BROWN FINE TO COARSE SAND WiTH GRAVEL
12 — SCREEN, .020 (MEDIUM DENSE, MOIST) SLIGHT PETROLEUM
IKCH SLOT
. WIDTH
K 18 — :
=
™~
1
3 20 |l
- 14—}
15— UG} BASE OF WELL

16 =

AT 14.9 FEET

BORING COMPLETED AT 15 FEET OH L2/16/87

Note: See Figure A—2for Explanation of Symbols

GeoEngineers
incorporated

LOG OF MONITOR WELL

FIGURE A-10
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MONITOR WELL NO. Mw-9

']
WELL SCHEMATIC e B
Casing Elevation: 18.72 33 E Group DESCRIPTION
Casing Stickup: -0,80 @¢ @ Symboi  Surface Elevation: 17.2
0 =) CAST IRON AG | 5-INCH ASPHALTIC CONGCRETE
i SURFACE GW | BROWN FINE TO COARSFE GRAVEL WITH SAND AND A
F+| | MONUMENT TRACE OF S{LT WITH OCCASIONAL COBBLES
gl ﬂé\FONCRETE '
4 L MEDIUM SAND | 53 g A _ )
1 BACKFILL GRADES TO GRAY (YERY DENSE, MOIST)
CONCRETE
\SEAL
1-INCH, sw | L HIGH WATER LEVEL OM /5783
SCHEDULE 40 GRAY FINE TO COARSE SAMD WITH GRAVEL (MEDIUM
PVL WELL 29 DEHSE, MO[ST TO WET)
CASING
S_LOW WATER LEVEL ON 2/6/38
2-INCH, - v e A
SCHEDULE 40 GRADES TO GRAY (VERY DENSE, WET)
PVC WELL 30 o
SCREEN ,0290 3
INCH -
16 — -MED TUM SAND
BACKFEILL
4 5M [ GRAY SILTY FINE SAND (LOOSE, WET)
. 5 @
o i
w
'8 .
Z - BASE OF WELL
20— AT 19.5 FEET
E ] BORING COMPLETEDR AT 19,5 FEET ON 1/8/88
a
17]
& i
25 -
30—
o J
o
.‘-\:1 —
R 35 —
~
\.lfl -]
0
I -
Rl
o ]
~
U -
40 —

Note: Sea Flgure A-2 for Explanation of Symbois

0303 -24- 4

«»,9'( LOG OF MONITOR WELL

(N
K\,‘/ GeoEngineers
%? Incorporated FIGURE A~11
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MONITOR WELL NO. MW-10

o
WELL SCHEMATIC PR |
Casing Elevation: 17.18 gg £ Group DESCRIPTION
Casing Stickup: -0.% ®O ® Symbol Surface Elevation; 17.3
0
V4 —STEEL SURFACE ZZ 3 INCHES ASPHALTIC CONCRETE
MONUMENT Sw LIGHT GRAY FIME TO COARSE SAND WITH GRAVEL
ANDOSTLT CHEDTUM DENSE, MOIST)
1 4 e
= E—BENTONITE SEAL
oy 2-{NCH,
SCHEDULE 40 PVC
WELL CASING
_5_0. GRADES TQ VERY DEMSE
Sll’
STRONG PETRGLEUM ODOR AT 4.5 FEET
2-[NCH,
SCHEDMILE 40 PVC
)Y ;
B en hLor SM BLACKISH-GRAY SILTY FINE TO MEDIUM SAND WITH
o OCCASIONAL GRAVEL (DENSE, MOIST)
1DTH ,
[
w MEDIUM SAND
Y BACKFILL
> GRADES T WET
z 37. Y. WATER LEVEL ON 6/4/88
E Y
w
=]
STRONG PETROLEUM 0DOR
SHEEN OM 8011
o
o
~
ey
f=1
s
uy
fe=]
-
il
o g (LOOSE, WET)
5 . VERY STRONG PETROLEUHM ODOR AND SHEEN O
I SOLL
5
-+
' BASE OF WELL . en At T Cran
ORIMG COMPLETED AT 5.0 FEET OM 4/30/88
; AT 14.70 FEET 20 cen
MY
o
My
o

16—

Note: See Figure A-~2 for Explanation of Symbols

«//( (1) LOG OF MONITOR WELL

Ny
GEO N ,,-Eng)meel FIGURE A-12
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WELL SCHEMATIC
Casing Elevation: 17.21
Casing Stickup: -0.2

MONITOR WELL NO. MW-11

Group

[%]
@
g DESGRIPTION
o
v Symbol Surtace Elevation: 17.4

0 V STEEL SURFACE
MONUMENT

1
BENTONITE SEAL

2 —

53—

4 —
2-[NCH,
SCHEDULE 40
PYC SOLID

5 =

8 —

7
2-INCH,

DEPTH IN FEET
o]
1

99—

10—
o
=S
~
Lanl
=)
-
u
=
-
w
o
o
)
I

| 14 —
@
o
1
s
™~
1
[ ¥

o 16—
Yy
=

SCHEDULE 40
PVC, 0.020-
INCH SLOT
WIDTH

——MEDIUM SAND

BACKFILL

BASE OF WELL
AT 15.0 FEET

WA LD 3 INCHES ASPHALT CONGRETE
GW- | BROWN FINE TO COARSE GRAVEL WITH SAND AND
GM SELT {MEDIUM DENSE, MOIST)

HRADES Ta feay

e

5P - GRAY FINE 70 MEDIUM SAND WITH SILT AND GRAVEL
SM (VERY DENSE, MOIST?

GRADLS 7o 2000 [r0=0RAY AT 5.0 FEET

X WATER LEVEL ON 574/88

VERY STRONG PETROQLEUM ODOR
GRADES 70 MEDIUM DEMSE WITH OCCASIONAL
13 . GRAVEL AND SHELL FRAGHMENTS :

SHEEN ON SDIL GHED IO DENSE, WETS

BORIMG COMPLETED AT 13.5 FEET o 4730/%d

Note: Sae Figure A-2 for Explanation of Symbols

Geo NN

=2

<

Wy

!“‘ 1 BTSN &
Z Lngineers

LOG OF MONITOR WELL

FIGURE A-13
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MONITOR WELL NO. Mw-12

DEPTH IN FEET

05/03/88

IEL

CH:JHB

0303-24-4

16—

0.020-INCH SLOT
WIDTH

—MED (UM SAND
w1 BACKFILL

J BASE OF WELL AT
15.0 FEET

Note:

;]
WELL SCHEMATIC | - :;2
Casing Elevation: 17.18 ?,g E  Grow DESCRIPTION
Casing Stickup: -0.2 @G 9 Symbol Surface Elavation: 17.4
Q
/é—STEEL SURFACE /71 3.5 INCHES ASPHALTIC CONCRETE
MONUMENT GwW BROWN FINE TO COARSE GRAVEL WITH SAND AND
SILT (MEDIUM DEHSE, MOIST)
1 — =
Sw—BENTONITE SEAL
2 E =
Eg 50 LRADES T s
= ol |
7= [NCH - ﬁLIGbT_PETnULEUH ODOR
SCHEDULE 40 PVC
SOLID
GP BLACKITSH=-GRAY FlHI. T MOARSE GRAVEL WITH SAND
(VERY DENSE, MOIsTH -
2-1NCH,
SCHEDULE 40 PV(

STRONG PETROLLUM ODOR
M. HIGH FRODUCT LEVEL

OM A/4%/88
jZ-LﬂW WATER VL 0 B
GRAY FITHT T MUDUUM 300D Wi TH SILT (MEDIUM
DENSE, WET)
BORTHG COMPLFTLD A7 &, i S

See Figure A—-2 for Explanation of Symbaols

GeoXNZEngineers

w

LOG OF MONITOR WELL

FIGURE A-14
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MGONITOR WELL NO. Mw-13

w
WELL SCHEMATIC - 2
Casing Elevation: 16.79 35 E  Group DESCRIPTION
Caslng Stickup: -0.6 meO @ Symbol Surface Elevation: 17.4
0
| MgﬁﬁhEzgRFACE AC | 4-[NCH ASPHALTIC CONCRETE
SENTONITE SEAL GW | BROWN TO GRAY FINE TO COARSE GRAVEL WITH
7 2 INCH SAND AND A TRACE OF SILT (MEDIUM DENSE,
ri
- SCHEDULE 40 AV MOIST TO WET) (FILL)
] WELL CASING
5— N HIGH WATER LEVEL ON 10/28/88
i =2 - INCH,
SCHEDULE 40 Pv(
7 ~ WELL.SCREEN N, LOW WATER LEVEL ON 10/27/83
4 “0.020 INCH"SLOT i . - w
WIDTH
10 — h—MED UM SAND
] BACKFILL
A 5 GRAY TO DARK BROWN FINE TO COARSE GRAVEL
WITH SAND AND A TRACE.OF SILT (MED[UM DEMSE,
] WET) (FILL)-
15— || MODERATE TO STRONG PETROLEUM ODOR
Sp
= ] DARK GRAY VERY FINMNE TQ FINE SAND WITH A TRACE
W 2] OF SILT (LOOSE, WET) (FILL)
b - MODERATF PETROLEUM QDOR
= BASE OF WELL AT
z 20— 19.9 FEET
= i ’ BORING COMPLETED AT 20} FEET ON 10/13/88
o . .
3 - - - NOTE: UPPER L0 FEET OF BORING WAS EXCAVATED
| : ‘ BY A BACKHOE BEFORE DRILLING STARTED

25 —
30 —
35 —
b
'ﬁ.
™ A
m 4
3
40 —

Note: See Figure A-2 for Explanation of Symbols

«//"y LOG OF MONITOR WELL

)
Geog. Engineers CGURE A-15
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PORT OF SEATTLE — TERMINAL 18
MONITOR WELL MW-—1

ELEVATION OF GREOURMD WATER TABLL

—
| =
B .
H fl
! 1
1

T
3

i:j a3 i - .:.'l.

Lo b ’ !

. L

o

J._ .f"x
I E e
Al - ELEVATION 0OF SURFALE OF FAST 'WATERAY
v 7ot
:./: - MEASUREMENTS ON 2/6/88
o
K v FREE PRODUCT WAS MOT DETECTED M MONITOR
= WELL MW~
+ 5 N — ) I — | el |
o SIS 122400 15O
S
2 HOUR
(o)

PLOT OF WATER ELEVATIONS-

2 GeoEngineers MONITOR WELL MW=~1

=

Incorporated EIGURE A-21

&\
)
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1
PORT OF SEATTLE — TERMINAL 18
MONITOR WELL MW-—1
12 - ELEVATION OF GROUNDG WATER TABLE [
l‘ll.'I II ‘\
u' r
0o AR 4 J
'.‘ |
— L ) :
L \ p
E 4 - 1 _fr
" ELEVATION OF SURFACE
o | OF EAST VATERWAY ) ;
e 1’~ IJ
—‘\““-k 1!' rr
{ 0 - 11‘ ¢
o i ‘,
Z L !
B N 4
......'? L .,
- - MEASUREMENTS DN 6/4/88
—4 | FREE PRODUCT WAS NOT DETECTED IN MONITOR
WELL. Miti—1
I OO VY N | | | I N D | Lt 1 11 | l I U SN |
OBO0 1800
HOUR
A PLOT OF WATER ELEVATIONS-
< : MONITOR WELL MW= 1
Geo g Engineers ——
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PORT OF SEATTLE — TERMINAL 18
MONITOE WELL MW-2
12 s
ELEVATION OF CROUMD WATER TABLE
11 i
ol et v e e
[ ] ——
g b 3
- .
L) & |~ .
li. "
5 - ,,,:#( '.'-.
;/“ Iln.
e 4 - ,#"'f
[way . o
.
" < [ ELEVATION OF SURFACE OF EAST WATERWAY
- L= MEASUREMENTS ON 2/6/88
g
E 1 P FREE PRODUCT WAS MOT GETECTED M WMOMITOR
) WELL Hvf~2
1 (3 1 ] { | L 1 | ! | J I !
¥ oEO0 1200 TEO0D
§ HOLR
(e
PLOT OF WATER ELEVATIONS-
@ GeoEngineers MONITOR WELL MW-2
*"’ neorporated FIGURE A-23
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PORT OF SEATTLE — TEEMINAL 18
MONITOR WELL MW-—-2
12 ELEVATION OF GROUMD WATER TABLE | *,
.r/ ! h
- ) ‘ﬂf iI
10 - B i
I Il‘- J'.
G | ,
L !
— F : '
i : B
- ‘. r
" !
2 - \* lJ
ELEVATION OF SURFACE  ° 3
- OF EAST WATERWAY . N
N L r
D | \‘\.._.___._..._..‘...Fu, Jl
~ —7 | T
3 : MEASUREMENTS ON 6/4/88
2 —4 |- FREE PRODUCT WAS NOT DETECTED IN MONITOR
E WELL Mw—2
- | I N VS Y IO VO | L4 Lo 1o 4 p v 41§ 1 1
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APPENDIX B

v b4 .
) f EK:: Ano|yf1co|TeCh I‘IO'Og 1es,Inc. Corporate Offices 5550 Marenouse Dnve  San Diego, CA 92121 (616} 458-914)

ATI I.D. 802018
February 17, 1988

Geo Engineers
2405 140th NE Street Suite 105
Bellevue, Washington 98005

Project No.: 0303-24-4

Attention: John Biggane

On February 2, 1988, Analytical Technologies, Inc. received ten
water samples, a trip blank, and one petroleum product for
analyses. The samples were analyzed with EPA methodology or
equivalent methods as specified in the attached analytical
schedule. Please see the attached-sheet for the sample cross
reference.

The results and sample cross reference are enclosed.

\ggzg%ien Lin

Incrganics Supervisor

Richard M. Amano
Laboratory Manager

ML:tka
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/J}\ ATI I.D. 802018

ANALYTICAL SCHEDULE

CLIENT : GEO ENGINEERS PROJECT NO.: 0303-24-4
PROJECT NAME : (NONE)

D D L G ) S L D D S i . TR TS A Sk e (o S ) I D G T e i . S P S D D L o it oy TR St o o ey i

FLASH pOINT PENSKY-MARTENS EPA 1010 (MODIFIED)
(CLOSED CUP)
API GRAVITY AT 60 F HYDROMETER ASTM D287
LEAD | AA/GF EPA 7421
ORGANIC LEAD AA/GF EPA 7421
PURGEABLE AROMATICS GC/PID EPA 8020
B - 2
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CLIE . GEO ENGINEERS DATE RECEIVED : 02/02/88

PRO # : 0303-24-4

PRO NAME : (NONE) REPORT DATE : 02/17/88
ATI I.D. : 802018

—-.-..__———-n-—————————..-.-.--n—-c-————————-..-_.—-n———-—————-q——_—-————--———.-.___-_____-___

ATI § CLIENT DESCRIPTION MATRIX DATE COLLECTED
01l MW-1 WATER 01/30/88
02 MW-2 WATER 01/30/88
03 MW-3 WATER 01/30/88
04 MW-4 WATER 01/30/88
05 MW=5 WATER 01/30/88
06 MW=-6 WATER 01/30/88
07 MW--8 WATER .01/30/88
08 MW-9 WATER 01/30/88
09 RINSATE WATER 01/30/88
190 BLIND WATER 01/30/88
11 MW~7 NON=-AQUEQUS 01/30/88
12 TRIP BLANK WATER 01/30/88

----- TOTALS —=—===
MATRIX # SAMPLES
WATER 11
NON=-AQUEQUS 1

ATI STANDARD DISPOSAL PRACTICE

N S S Iy A " o T e —— WP W S i — o ————

The samples from this project will be disposed of in thirty (30) days from the
date of this report. If an extended storage period is required, please contact
our sample control department before the scheduled disposal date.

i3 kLt Aol okl DAL | e . e

o i 1 it ot bl A B b B, Py T ¥
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/)L\ GENERAL CHEMISTRY RESULTS

ATI I.D. : 802018

CLIENT : GEO ENGINEERS DATE RECEIVED : 02/N2/88
PROJECT # : 0303-24-4
PROJECT NAME : {NONE) REPORT DATE : 02/17/88
PARAMETER UNITS 11
API GRAVITY AT 60 DEGREES F 35.5
FLASH POINT FAHREN 84

B -4
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GENERAL CHEMISTRY - QUALITY CONTROL

CLIdE#E: : GEQC ENGINEERS

PROJECT # : 0303~24-4

PROJECT NAME : (NONE) _ ATI I.D. : 802018

SAMPLE DUP, SPIKED SPIEKE %
PARAMETER UNITS ATI I.D. RESULT RESULT RPD SAMPLE CONC REC
API GRAVITY 80201811 35.5 35.5 0 N/A N/a N/A
FLASH POINT FAHREN 80206001 >180 >180 a N/A N/a N/A

% Recovery = (Spike Sample Result - Sample Result)
____________________________________ ¥ 100
Spike Concentration

RPD (Relative Percent Difference) = (Sample Result = Duplicate Result)

Average Result

HI-SHELLO000777



/J}\ METALS RESULTS

ATI I.D. : 802018

CLIENT : GEO ENGINEERS DATE RECEIVED : 02/02/88

PROJECT # : 0303-24-4

PROJECT NAME : (NONE) REPORT DATE : 02/17/88

PARAMETER UNITS 0l 02 03 04 05

ORGANIC LEAD MG/L <0,01 <0,01 <0.,01 <0.01 <0.01

LEAD MG/L 0.004 <0.002 <0.002 <0.002 <0.002
B -6
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A

CLIENT
PROJECT #
PROJECT NAME

GEQO ENGINEERS
0303~-24-4
( NONE)

METALS RESULTS

ATI I.D. : 802018
DATE RECEIVED : 02/02/88

REPORT DATE : 02/17/88

- P T S N S m— A i AL ey v W AU S e S S G NS e A e e G m R W G e W WD A Wt v dlm Y GAF o Y W D e e T e Y IS W G T S e et e e N S S e e S

Ak G S . S S i w8 ot oy e A SER e A S D S g o P S A R A S A U I e el R N S e Y GRY SE CHF e I S SN D G mw EED SHR SEr S ey W ey R Sl et M G v AEE T AN EEa e

ORGANIC LEAD
LEAD

HI-SHELL000779

<0.01 <0,01 <0.01 <0.01 <0.01
<0.008 <0.002 <0.,008 <0.002 <0.008



/{}\ METALS - QUALITY CONTROL

CLIENT : GEO ENGINEERS
PROJECT #  : 0303-24-4 ) ,
PROJECT NAME : (NONE) ATI I.D. : 802018

SAMPLE DUP. SPIKED SPIKE %
PARAMETER UNITS ATI I.D. RESULT RESULT RPD SAMPLE CONC  REC
LEAD MG/L 80201807 <0.01 <0.01 0  0.043 0.050 g6

LEAD MG/L 80201808 <0.002 <0.002 O 0.043 0.050 86

$ Recovery = (Spike Sample Result - Sample Result)
__________________________________ ¥ 100
Spike Concentratlon

RPD (Relative Percent Difference} = (Sample Result - Duplicate Result)
______ e m——————wm——————————— X 100
Average Result

HI-SHELLO000780



/)}\ GAS CHROMATOGRAPHY - RESULTS

ATI I.D. : 80201801
TEST : VOLATILE AROMATICS (EPA METHOD 602)

CLIENT 1 GEO ENGINEERS DATE SAMPLED : 01/30/88

PROJECT # : 0303-24-4 DATE RECEIVED : 02/02/88

PROJECT NAME : ({NONE) ' DATE EXTRACTED : N/A

CLIENT I.D. : MW-1 DATE ANALYZED : 02/06/88

SAMPLE MATRIX : WATER ONITS : UG/L
DILUTION FACTOR : 1

COMPQUNDS . o e RESULTS

BENZENE <0.5

TOLUENE 0.71

CHLOROBENZENE <0.5

ETHYLBENZENE <0.5

1,3-DICHLOROBENZENE <0.5

1,2 AND 1,4-DICHLOROBENZENE <0.5

META XYLENE <045

ORTHO & PARA XYLENE <0.,5

SURROGATE PERCENT RECOVERIES

BROMOCHLOROMETHANE (%) ' N/A
TRIFLUOROTOLUENE (%) 103

HI-SHELL000781



/)}\ GAS CHROMATOGRAPHY - RESULTS
ATI I.D. : 80201802
TEST : VOLATILE AROMATICS (EPA METHOD 602)

CLIENT : GEO ENGINEERS DATE SAMPLED : 01/30/88

PROJECT # : 0303-24-4 DATE RECEIVED : 02/02/88

PROJECT NAME : (NONE) DATE EXTRACTED : N/A

CLIENT I.D. : MW-2 DATE ANALYZED : 02/06/88

SAMPLE MATRIX : WATER UNITS : UG/L
DILUTION FACTOR : 1

CCOMPOUNDS RESULTS

BENZENE <0.5

TOLUENE 0.91

CHLOROBENZENE <0.5

ETHYLBENZ ENE <0.5

1,3=-DICHLOROBENZENE <0.5

1,2 AND 1,4-~DICHELOROBENZENE <0.5

META XYLENE <0.5

ORTHO & PARA XYLENE <0.5

SURROGATE PERCENT RECOVERIES

BROMOCHLOROMETHANE (%) 102
TRIFLUOROTOLUENE (%) -

* Result out of limits due to sample matrix interference

B - 10
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/{}\ GAS CHROMATOGRAPHY -~ RESULTS

ATI I.D. : 80201803
TEST : VOLATILE AROMATICS (EPA-METHOD 602)

CLIENT : GEO ENGINEERS DATE SAMPLED : 01/30/88

PROJECT % : 0303-.4-4 DATE RECEIVED : 02/02/88

PROJECT NAME : (NONE) DATE EXTRACTED : N/A

CLIENT I.D. : MW-3 DATE ANALYZED : 02/06/88

SAMPLE MATRIX : WATER UNITS : UG/L
DILUTION FACTOR : 1

COMPQUNDS RESULTS

BENZENE 350

TOLUENE 7.1

CHLOROBENZ ENE <0.5

‘ETHYLBENZ ENE 0.90

1,3-DICHLOROBENZENE <045

1,2 AND 1,4-DICHLOROBENZENE <0.5

META XYLENE 26

ORTHO & PARA XYLENE 46

SURROGATE PERCENT RECOVERIES

BROMOCHLOROMETHANE (%) 95
TRIFLUOROTOLUENE (%) 167 *

* Result out of limits due to sample matrix interference

B - 11
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/)}\ GAS CHROMATOGRAPHY - RESULTS

ATI I.D. : 80201804
TEST : VOLATILE ARCMATICS (EPA METHOD 602)

CLIENT : GEQ ENGINEERS DATE SAMPLED : 01/30/88

PROJECT # : 0303-24-4 DATE RECEIVED : 02/02/88

PROJECT NAME : (NONE)} DATE EXTRACTED : N/A

CLIENT I.D. : MW=-4 DATE ANALYZED : 02/11/88

SAMPLE MATRIX : WATER UNITS : UG/L
DILUTION FACTOR : 10

COMPOUNDS RESULTS

BENZENE <5.0

TOLUENE <5.0

CHLOROBENZENE <5.0

ETHYLBENZ ENE <5.0

1,3-DICHLOROBENZENE <5.0

1,2 AND 1,4-DICHLOROBENZENE <5.0

META XYLENE 11

ORTHO & PARA XYLENE 43

SURROGATE PERCENT RECOVERIES

BROMOCHLOROMETHANE (%) 72
TRIFLUOROTOLUENE (%) 99

B - 12
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/)}\ GAS CHROMATOGRAPHY - RESULTS

TEST : VOLATILE AROMATICS (EPA METHOD 602) .

ATI I.D. : 80201805

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

[T T T Y

0l1/30/88
02/02/88
N/A
02/06/ 88
UG/L

W T Sk M P A . S W e A M AP e D e WD WA Gk S S B ey A S v S S A GEN WA R W dmm AR kW e VD S W PER e Gy ST e S e A AP S AP Selh Y G Y G GRS e ——

~RESULTS

A S D i . 0 T W S et G ey P W S W A e Vv SR e e L Gl S kSR e M v el W e G A v S e U Y UL S DY AL Sk U GBI et S M S D e AN A Y A D e S W S e

CLIENT : GEO ENGINEERS

PROJECT # : 0303-24-4

PROJECT NAME : (NONE)

CLIENT I,D., : MW-5

SAMPLE MATRIX : WATER

COMPOUNDS ) .
BENZENE

TOLUENE

CHLOROB ENZENE

ETHYLB ENZENE

1,3-DICHLOROBENZENE

1,2 AND 1,4-DICHLOROBENZENE
META XYLENE

ORTHO & PARA XYLENE

SURROGATE PERCENT RECOVERIES

BROMOCHLORCMETHANE (%)
TRIPLUOROTOLUENE (%)

B - 13
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<0.5

0.98

N/A
115



/)L\‘ GAS CHROMATOGRAPHY - RESULTS

ATI I.D. : 80201806

TEST : VOLATILE AROMATICS (EPA METHOD 602)

CLIENT : GEC ENGINEERS DATE SAMPLED : 01/30/88

PROJECT ¢# : 0303-24-4 DATE RECEIVED : 02/02/88

PROJECT NAME : (NONE) : DATE EXTRACTED : N/A

CLIENT I.D. : MW-6 DATE ANALYZED : 02/06/88

SAMPLE MATRIX : WATER UNITS : UG/L
DILUTION FACTOR 1

COMPOUNDS RESULTS

BENZ ENE <0.5

TOLUENE 0.76

CHLOROBENZENE <0.5

ETHYLBENZENE 1.3

1,3-DICHLOROBENZENE <0.5

1,2 AND 1,4=-DICHLOROBENZENE <0.5

META XYLENE 0.95

ORTHO & PARA XYLENE 0.94

SURROGATE PERCENT RECOVERIES

BROMOCELOROMETHANE (%) 105
TRIFLUOROTOLUENE (%) 125

B - 14
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/Jt\ GAS CHROMATOGRAPHY - RESULTS

ATI I.D. : 80201807
TEST : VOLATILE AROMATICS (EPA METHOD 602)

CLIENT : GEO ENGINEERS DATE SAMPLED : 01/30/88
PROJECT # : 0303-24-4 DATE RECEIVED : 02/02/88
PROJECT NAME : (NONE) DATE EXTRACTED : N/A
CLIENT I.D. : MW--8 DATE ANALYZED : 02/06/88
SAMPLE MATRIX : WATER UNITS : UG/L

_ DILUTICN FACTOR : 1
COMPOUNDS RESULTS
BENZENE <0.5
TOLUENE <0.5
CHLOROBENZENE <0.5
ETHYLBENZENE <0.5
1,3=-DICHLOROBENZENE <0.5
1,2 AND 1,4-DICHLOROBENZENE <0.5
META XYLENE <0.5
ORTHO & PARA XYLENE <0.5

SURROGATE PERCENT RECOVERIES

BROMOCHLOROMETHANE (%) N/A
TRIFLUOROTOLUENE (%) 102

B - 15
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)}L\ GAS CHROMATOGRAPHY - RESULTS

TEST : VOLATILE AROMATICS (EPA METHOD 602)

ATI I.D. : 80201808

CLIENT : GEO ENGINEERS DATE SAMPLED : 01/30/88
PROJECT % : 0303-24-4 DATE RECEIVED : 02/02/88
PROJECT NAME : (NONE) DATE EXTRACTED : N/A
CLIENT I.D. : MW=9 DATE ANALYZED : 02/06/88
SAMPLE MATRIX : WATER UNITS : UG/L
DILUTION FACTOR : 1

COMPOUNDS RESULTS

“ BENZENE ‘ <0.5
TOLUENE <0.5
CHLOROBENZ ENE <0.5
ETHYLBENZENE <0.5
1,3-DICHLOROBENZENE <0,5
1,2 AND 1,4~DICHLOROBENZENE <0.5
META XYLENE <0,5
ORTHO & PARA XYLENE 1.2

SURROGATE PERCENT RECOVERIES

BROMOCHLOROMETHANE (%) 100
TRIFLUCROTOLUENE (%) 96

B - 16
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A

GAS CHROMATOGRAPHY - RESULTS

ATI I.D. : 80201809

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED 02/06/88
UNITS UG/L
DILUTION FACTOR : 1

01/30/88
02/02/88
N/A

sa ap s s as

. A W ) WS S o SN S i R P W TS WD G A BN A N S G A S e bt WE Chl et DS M S W G Y PED GEE S Ven SN AED N D ey W Y T W T G G W I e G T S e S S WY WS R S i wey e b

TEST : VOLATILE AROMATICS (EPA METHOD 602)
CLIENT : GEO ENGINEERS
PROJECT # : 0303-24-4
PROJECT NAME : (NONE)

CLIENT I.D. : RINSATE
SAMPLE MATRIX : WATER
COMPOUNDS

BENZ ENE

TOLUENE

CHLOROBENZENE

ETHYLBENZENE

1,3-DICHLOROBENZENE

1,2 AND 1,4-DICELOROBENZENE
META XYLENE

ORTHO & PARA XYLENE

SURROGATE PERCENT RECOVERIES

BROMOCHLOROMETHANE (%)
TRIFLUOROTOLUENE (%)

B~ 17

HI-SHELLO000789

RESULTS
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/J}\ GAS CHROMATOGRAPHY - RESULTS

ATI I.D. : 80201810
TEST : VOLATILE AROMATICS (EPA METHOD 6£02)

CLIENT : GEO ENGINEERS DATE SAMPLED : 01/30/88

PROJECT # : 0303-24-4 DATE RECEIVED : 02/02/88

PROJECT NAME : (NONE) DATE EXTRACTED : N/A

CLIENT I.D. : BLIND(mw=~6) DATE ANALYZED : 02/06/88

SAMPLE MATRIX : WATER UNITS : UG/L
DILUTION FACTOR : 1

COMPOUNDS RESULTS

BENZ ENE <0.5

TOLUENE 1.5

CHLOROBENZENE <0.5

ETHYLBENZENE 1.5

1,3~-DICHLOROBENZENE <0.5

1,2 AND 1,4-DICHLCROBENZENE <0,5

META XYLENE 1.2

ORTHO & PARA XYLENE ) 1.0

SURROGATE PERCENT RECOVERIES

BROMOCHLOROMETHANE (%) 29
TRIFLUOROTOLUENE (%) 122

B - 18
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/J}\ GAS CHRCMATOGRAPHY - RESULTS
ATI I.D. : 80201812
TEST : VOLATILE AROMATICS (EPA METHQD 602}

CLIENT : GEO ENGINEERS DATE SAMPLED : 01/30/88

PROJECT # : 0303-24-4 DATE RECEIVED : 02/02/88

PROJECT NAMT : (NONE) ' DATE EXTRACTED : N/A

CLIENT I.O>. : TRIP BLANK DATE ANALYZED : 02/12/88

SAMPLE MATRIX : WATER UNITS : UG/L
DILUTION FACTOR : 1

COMPOUNDS RESULTS .

BENZENE <0.5

TOLUENE <0.5

CHLOROBENZ ENE <0.5

ETHYLBENZ ENE <0.5

1,3-DICHLOROBENZENE <0.5

1,2 AND 1,4-DICHLOROBENZENE <0.5

META XYLENE <0.5

ORTHC & PARA XYLENE <0.5

SURROGATE PERCENT RECOVERIES

BROMOCHLOROMETHANE (%) N/A
TRIFLUOROTOLUENE (%) 105

B - 19
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/{}\ GAS CHROMATOGRAPHY ~ RESULTS
REAGENT BLANK

.TEST : VOLATILE AROMATICS (EPA METHOD 602)

ATI I.D. : 802018

CLIENT : GEO ENGINEERS DATE EXTRACTED : 02/06/88
PROJECT # :+ 0303-24-4 DATE ANALYZED : 02/06/88
PROJECT NAME : (NONE) UNITS : UG/L
CLIENT I.D. : REAGENT BLANK DILUTION FACTOR : N/A
COMPOUNDS RESULTS
BENZENE <0.5
TOLUENE Coa <0.5
CHLOROBENZENE <0.5
ETHYLBENZENE <0.5
1,3-DICHLOROBENZENE <0.5
1,2 AND 1,4-DICHLOROBENZENE <0.5
META XYLENE <D.5
ORTHO & PARA XYLENE _ <0.5

SURROGATE PERCENT RECOVERIES
BROMOCHLOROMETHANE (%) 103
TRIFLUOROTOLUENE (%) 105

B - 20
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/J}\ GAS CHROMATOGRAPHY - RESULTS

REAGENT BLANK

TEST : VOLATILE AROMATICS (EPA METHOD 602) '
ATI I.D.

: 802018
CLIENT : GEO ENGINEERS DATE EXTRACTED : 02/10/88
PROJECT # : 0303~-24-~4 DATE ANALYZED :+ 02/10/88
PROJECT NAME : (NONE) UNITS : : UG/L
CLIENT I.D. ¢ REAGENT BLANK DILUTION FACTOR : N/A
COMPOUNDS RESULTS
BENZENE <0.5
TOLUENE <0.5
CHLOROBENZENE <0.5
ETHYLBENZENE <0.5
1,3-DICHLOROBENZENE <0.5
l,2 AND 1,4-DICHLOROBENZENE <0.5
META XYLENE <0.5
ORTHO & PARA XYLENE <0.5

SURRCGATE PERCENT RECCVERIES

BROMOCHLOROMETHANE (%) 80
TRIFLUORQTOLUENE (%) 99

B~ 21
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/J}\ GAS CHROMATOGRAPHY - RESULTS

REAGENT BLANK

TEST : VOLATILE AROMATICS (EPA METHOD 602)

ATI I.D. : 802018
CLIENT : GEO ENGINEERS DATE EXTRACTED : 02/06/88
PROJECT # : 0303-24-4 DATE ANALYZED : 02/06/88
PROJECT NAME : (NONE) UNITS : UG/L
CLIENT I.D. : REAGENT BLANK DILUTION FACTOR : N/A
COMPOUNDS RESULTS
BENZENE o <0.5
TOLUENE <0.,5
CHLOROBENZENE <0.5
ETHYLBENZENE <0.5
1,3~-DICHLOROBENZENE <0.5
1,2 AND 1,4-DICHLOROBENZENE <0.5
META XYLENE <0.5
ORTHO & PARA XYLENE <0.5

SURROGATE PERCENT RECOVERIES

BROMOCHLOROMETHANE (%) 79
TRIFLUOROTOLUENE (%) 96

B - 22
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/)L\ GAS CHROMATOGRAPHY - RESULTS

REAGENT BLANK

TEST : VOLATILE AROMATICS (EPA METHOD 602)

ATI I.D. : 802018

CLIENT : GEQO ENGINEERS DATE EXTRACTED : 02/12/88
PROJECT # : 0303-24-4 : DATE ANALYZED : 02/12/88
PROJECT NAME : (NONE) UNITS : UG/L
CLIENT I.D. : REAGENT BLANK DILUTION FACTOR : N/A
COMPOUNDS RESULTS
BENZENE <0.,5
TOLUENE <0.53
CHLOROBENZ ENE <0.5
ETHYLBENZ ENE <0.5
1,3-DICHLOROBENZENE <0.5
1,2 AND 1,4-DICHLOROBENZENE <Q.5
META XYLENE <0.5
CRTHC & PARA XYLENE <0.5

SURRCGATE PERCENT RECOVERIES
BROMOCHLOROMETHANE (%) N/A
TRIFLUOROQOTOLUENE (%) 104

B - 23

HI-SHELLO000795



/}L\ GAS CHROMATOGRAPHY - RESULTS

TEST : FUEL HYDROCARBONS (MODIFIED EPA METHOD 8015)

ATI I.D., : 80201811

CLIENT . GEO ENGINEERS DATE SAMPLED : 01/30/88
PROJECT # . 0303-24-4 DATE RECEIVED  : 02/02/88
PROJECT NAME : (NONE) | DATE EXTRACTED : 02/03/88
CLIENT I.D. : MW-7 DATE ANALYZED  : 02/05/88
SAMPLE MATRIX : NON-AQUEOQUS UNITS . MG/XG
DILUTION FACTOR : 1

COMPOUNDS RESULTS
FUEL HYDROCARBONS R 99 + %
HYDROCARBON RANGE C6=C20
HYDROCARBONS QUANTITATED USING DIESEL

B - 24
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ATi LABORATORIES: SAN DIEGO {619) 4589141
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) :f é\: AndlyfiCGlTeChnOIOg 1es,inc. Corporate Oftces 5550 Morenouse Dive Scn Diego, CA 92121 (619) 458-01d)

ATI I.D. 802018
March 17, 1988

Geo Engineers

2405 140th NE Street Suite 105
Bellevue, Washington 98005
Project No.: 0303-24-4

Attention: John Biggane

Enclosed please find an amended data sheet for the fuel
hydrocarbon analyses.

If you have any other questions, please feel free to call (619)
458~9141.

Rl

atricia A. Schroder Fof . Richard M. Amano
GC Supervisor Laboratory Manage

PS:mag

B - 33
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) . hk AnalyticolTechnologies, Inc.

' GAS CHROMATOGRAPHY - RESULTS

ATI I.D. : 80201811

TEST : FUEL HYDROCARBONS (MODIFIED EPA METHOD 8015)

CLIENT : GEO ENGINEERS
PROJECT # : 0303-24-4
PROJECT NAME : (NONE)

CLIENT I.D. : MW-7

SAMPLE MATRIX : NON-AQUEOQOUS

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR

a3 9 A A

01/30/88
02/02/88
02/03/88
02/05/88
MG/KG

— S S dpy W D M A D G B PR A et B BN R G S I S R G A P L e A S D S M Ay S Sy U D S o B G e W Mt M G S SUY GRSt D R VRS MNP S e D NS T GOV M W SRS e T —

- T T A T A Sy A D Gl A A s S St W ey S S iy WD SRS e G Sy G W NS A W A e e A e S L GEE AR S GED Y Y SR S Ga fay W GED e MW SIS A W S e G D e W P G S e S S

FUEL EYDROCARBONS
HYDROCARBON RANGE
HYDROCARBONS QUANTITATED USING

ESTIMATED RATIO OF GASOLINE TO DIESEL (%)

HI-SHELL000805

B - 34
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/) A ék Ano[yﬁcolTechnologies,lnc_ 560 Noches Avenue, S.W., Suite 104, Renton, WA 98055, (206) 228-8335

ATI I.D. #8805~034

June 14, 1988 . .
GeoEngineers

Geoengineers, Inc. JUb ‘51988

2405 140th Ave. N.E. \

Bellevue, WA 98005 fouting . .

3 L]
File L 3e3- 2

Attention: John Biggane
Project Name:

Project Number: 0303-24-4

On May 16, 1988 Analytical Technologies, Inc. received 13 water
samples for analyses. The samples were analyzed with EPA methodology
or equivalent methods as specified in the attached analytical
schedule. The results, sample cross reference, and the quality
control data are enclosed.

Nooawno ‘\ﬂ\\\;(u\) jWM C{i‘” MW

Karen Mixon Frederick W. Grothkopp
GC Chemist Technical Manager
FWG/hbb

B - 35
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)! !\, AnalyticalTechnologies, Inc.

ATI I.D. #8805-034

SAMPLE CROSS REFERENCE SHEET

CLIENT GEOENGINEERS, INC. DATE RECEIVED 05/16/88
PROJECT # 0303~24-4
PROJECT NAME REPORT DATE 06/14/88

e MR L e A MR e v e e N R N RS R MR R MR M S A e e e T e e R T A G b e e A s e e e B RN R EE i ik et el o g T R e R A e v

ATI ¢ CLIENT DESCRIPTION MATRIX DATE COLLECTED
8805-034-1 MW-1 WATER 05/14/88
8805-034-2 MW-2 WATER 05/14/88
8805-034-3 MW=-3 WATER 05/14/88
8805-034-4 MW-4 WATER 05/14/88
8805-034-5 MW-5 WATER 05/14/88
8805-034-6 MW-8 WATER 05/14/88
8805-034-7 MW-9 WATER 05/14/88
8805-034-8 MW-10 WATER 05/14/88
8805-034~-9 MW=~11 WATER 05/14/88
8805-034~10 RINSATE WATER 05/14/88
8805-034-11 BLIND WATER 05/14/88
8805-034-12 MW-12 WATER 05/14/88
8805~-034-13 BLANK WATER 05/14/88
~~~~~ TOTALS =w---
MATRIX # SAMPLES
WATER 13

LR e R R el T e ——

The samples from this project will be disposed of in thirty.(30) days
from the date of this report. If an extended storage period is
required, please contact our sample control department before the
gscheduled disposal date. '

B - 36

HI-SHELL000807



éékb AnalyticalTechnologies,inc.

ATI I.D. #8805-034
ANALYTICAL SCHEDULE

CLIENT : GEOENGINEERS, INC. PROJECT #: 0303-24-4
PROJECT : PUGET POWER

ot T S ot e e R A M et g e et e e A e e e e e e T e e W A e M b G e e e SR e e A et mm bm e e S M Em e e M e e oy B e e —

ANALYSIS TECHNIQUE REFERENCE /METHQOD
PURGEABLE AROMATICS GC/PID EPA 602
FUEL HYDROCARBONS GC/FID EPA 8015 (modified)
LEAD AR/GF EPA 7421

B - 37

HI-SHELL000808



)! A\ AnalyticalTechnologies, Inc.

ATI I.D. #8805-034

PURGEABLE AROMATICS ANALYSIS

DATA SUMMARY

INC.

DATE SAMPLED ¢ N/A

DATE RECEIVED : N/A

DATE EXTRACTED : N/A

DATE ANALYZED i 05/26/88
UNITS : ug/L

DILUTION FACTOR .: 1

e Em R AR e e e v M S A L S R R AN M e T A MR e e e e e N WD R SN S S M A e e e e N e R e e A e T BN AS v em

MR LR s s ek e AP N W R N N e G G M et S G M R M MR SR ER N A e e TEr R MR M ME N MR R M G Em MmN G Em R AR S Gr mm Em e A S A e

CLIENT i GEOCENGINEERS,
PRCJECT §# : 0303-24-4
PRCGJECT NAME

CLIENT T.D, : REAGENT BLANK
SAMPLE MATRIX : WATER

EPA METHOD 1 602
COMPOUNDS

BENZENE

TOLUENE

CHLORCBENZENE

ETHYLEENZENE

1,3-DICHLOROBENZENE

1,2 & 1,4-DICHLOROBENZENE
META XYLENE

ORTHO & PARA XYLENE

SURROGATE PERCENT RECOVERIES

TRIFLUOROTOLUENE (%)

HI-SHELL000809

B - 38

<0.
<0,
<0.
<0,
<0.
<Q.
<0,
<0,

oW,

109



/! !\ AnalyticalTechnologies, inc.

ATI I.D. #8805-034

PURGEABLE AROMATICS ANALYSIS

DATA SUMMARY

INC.

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR. :

N/A

N/A

N/A
05/27/88
ug/L

1

T e e e e T T U RN R TR o R e e e e e N e G e e R AR e G A Em R e e = e e = A e -

T M N Nk A e e e s e e e e e e e R A ) e S e e e s e ) e o e A G e e e e e e

CLIENT i+ GEOENGINEERS,
PROJECT # : 0303-24-4
PROJECT NAME

CLIENT I.D. { REAGENT BLANK
SAMPLE MATRIX : WATER

EPA METHOD : 602
CCMFOUNDS

BENZENE

TOLUENE

CHLOROBENZENE

ETHYLBENZENE

1,3-DICHLOROBENZENE

1,2 & 1,4-DICHLOROBENZENE
META XYLENE

ORTHO & PARA XYLENE

SURROGATE PERCENT RECOVERIES

TRIFLUOROTOLUENE (%)

HI-SHELLO000810

B - 39

<0,
<Q.
<0.
<0.
<0.
<0.
<0,
<0.

aWwn Ut oa bln

104



)f !\ AnalyticalTechnologies, inc.

ATI I.D.

PURGEABLE AROMATICS ANALYSIS

DATA SUMMARY

DATE SAMPLED

DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED

UNITS

DILUTION FACTOR : 25

#8805-034-8

05/14/88
05/16/88
N/R
05/26/88
ug/L

SN MMM e ek M e e T T TR TR YT ST MR MR ST M M MR R G e e e L b el o e e G e e e M e e T S S e e e e = A v R A e e e am mn e

TSR M Em e mm me et e e e e e R e R e T MmO ORR SR D MR L e Em e e e e A A A i e e A e S AR A AN e e R A e Em AR ey e = me e

CLIENT : GEOENGINEERS,
PROJECT # © 0303-24-4
PROJECT NAME

CLIENT I.D. : MW-10
SAMPLE MATRIX : WATER

EPA METHOD : 602
COMPQUNDS

BENZENE

TOLUENE

CHLOROBENZENE
ETHYLBENZENE

1,3-DICHLOROBENZENE

1,2 & 1,4-DICHLOROBENZENE
META XYLENE

ORTHO & PARA XYLENE

SURROGATE PERCENT

TRIFLUOROTOLUENE (%)

HI-SHELL000811

INC.
RECOVERIES
B ~ 40

470
29

<l2.
<lz.
<12,
<l2.

17
16

131

i in i



é&g AnalyticalTechnologies, Irc.

ATI I.D. #8805-034-9

PURGEABLE AROMATICS ANALYSIS

DATA SUMMARY

INC.

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS

DILUTION FACTOR  :

05/14/88
05/16/88
N/A

05/26/88

- m B ey AR R e ek el e W R RS E M M e e S e e EE e ek e T e A e AL M w EEm MR AL s Em m B e M M A et Bk e e A e Em e e e S A e A A

- e A W TR N e A e W hm M W ek e S S W M R e St W M R AR S e W S MR e T M M S G W T A S Gl b M M Em el e M R mm e e A e

CLIENT : GEOENGINEERS,
PROJECT & : 0303-24-4
PROJECT NAME :

CLIENT I.D. 1 MW-11
SAMPLE MATRIX : WATER

EPA METHOD : 602
COMPOUNDS

BENZENE

TOLUENE

CHLOROBENZENE
ETHYLBENZENE

1,3-DICHLOROBENZENE

1,2 & 1,4-DICHLOROBENZENE
META XYLENE

ORTHO & PARA XYLENE

SURROGATE PERCENT RECOVERIES

TRIFLUOROTOLUENE (%)

HI-SHELL000812

B - 41

2500
48
<20.0
150
<20.,0
<20.0
73
350

137



)! g\ AnadlyticalTechnologies, !nc.

ATI I.D.

PURGEABLE AROMATICS ANALYSIS

DATA SUMMARY

INC.

#8805~-034-10

DATE SAMPLED 05/14/88
DATE RECEIVED 05/16/88
DATE EXTRACTED : N/A
DATE ANALYZED 05/27/88
UNITS ug/L

DILUTION FACTOR ; 1

MM e Ll s e v e e Em e e e em e e e e e R R m e S e e e P S A S A S v M SR S R SR R S S G e N EE N B e e e S At A e s R v

- G A A SR N fed S 0 v S Em g RN Ab e o e wm e e e St S Em M it mm e e e =

CLIENT ¢ GEOENGINEERS,
PROJECT # i 0303-24-4
PROJECT NAME .

CLIENT I.D, : RINSATE
SAMPLE MATRIX : WATER

EPA METHQOD : 602 .
COMPOUNDS

BENZENE

TOLUENE

CHLOROBENZENE
ETHYLBENZENE

1,3-DICHLOROBENZENE

1,2 & 1,4-DICHLOROBENZENE
META XYLENE

ORTHO & PARA XYLENE

SURRCGATE PERCENT

TRIFLUOROTOLUENE (%)

HI-SHELL000813

RECOVERIES

B - 42

<0,
<0.
<0.
<0,
<0.
<0,
<0.
<0,

959

Loy n



éﬁ\, AnalyticalTechnologies, inc.

ATI I.D. #8805-034-11

PURGEABLE ARCMATICS ANALYSIS

DATA SUMMARY

INC.

DATE SAMPLED
DATE RECEIVED
DATE EXTRACTED
DATE ANALYZED
UNITS :
DILUTICON FACTOR  :

05/14/88
05/16/88
N/A
05/26/88
ug/L

50 -

e Rt G e R A e e AR W W ER A M e b LM e em S N N M ) e W R S e S AR AE e G W S ey N el M M e Gl G EE mE e e S vw A

- R R s mm e G o RN AR A W S R M M M R W def e Em et e G M e A AR S M R R s mm mm R A R AN MRS G e b S G NS G S My e A S Ed A e

CLIENT . GEOENGINEERS,
PROJECT # : 0303-24-4
PROJECT NAME :

CLIENT I.D. : BLIND (mw-11)
SAMPLE MATRIX : WATER

EPA METHOD "% 602
COMPOUNDS

BENZENE

TOLUENE

CHLOROBENZENE

ETHYLBENZENE

1,3-DICHLOROBENZENE

1,2 & 1,4~DICHLOROBENZENE
META XYLENE

ORTHO & PARA XYLENE

SURROGATE PERCENT RECOVERIES

TRIFLUOROTOLUENE (%)

HI-SHELL000814

B - 43

2000
<25
<25
51
<25
<25
<25
150

101



)&\9 AnclyticoiTechnologies, Inc.

ATI I.D. #8805-034-13

PURGEABLE AROMATICS ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 05/14/88
PROJECT # : 0303-24-4 DATE RECEIVED » 05/16/88
PROJECT NAME DATE EXTRACTED : N/A
CLIENT I.D. : BLANK -72/7 DATE ANALYZED : 05/27/88
SAMPLE MATRIX : WATER UNITS : ug/L '
EPA METHOD i 802 ©  DILUTION FACTOR .;: 1
COMPOUNDS RESULTS

BENZENE <0.5

TCLUENE <0.5

CHLCROBENZENE <0.5

ETHYLBENZENE <0.5

1,3-DICHLOROBENZENE <0.5

1,2 & 1,4-DICHLOROBENZENE <0.5

META XYLENE <0.5

ORTHD & PARA XVYLENE <0.5

SURROGATE PERCENT RECOVERIES
TRIFLUOROTOLUENE (%) 93

B - 44
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)&K AnalyticalTechnologies,inc.

CLIENT
PROJECT
SAMPLE I.D.

BENZENE
TOLUENE
ETHYLBENZENE
META-ZYLENE

ATI I.D.

QUALITY CONTROI, DATA
MATRIX SPIKE/MATRIX SPIKE DUPLICATES

#8805-034

GEOENGINEERS, INC, SAMPLE MATRIX

0303-24-4 UNITS

80516901 EPA METHOD

DUP
SAMPLE SPIKED SPIKED % SPIKED
RESULT ADDED SAMPLE REC SAMPLE
<0.5 8.0 7.1 89 6.9
<0.5 8.0 6.9 ge 7.7
<0.5 8.0 7.3 91 8.1
<0.5 23 21 92 23
B - 45
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ééAnolyticoiTechnologies,lnc.

ATI I.D. : B805-034

METALS RESULTS
CLIENT : GEOENGINEERS DATE RECEIVED : 05/16/88
PROJECT # : 0303-24-4
PROJECT NAME : REPORT DATE : 06/14/88
PARAMETER UNITS 08 09 10 11
ORGANIC LEAD MG/L <0.01 <0.01 <0.01 <0.01
LEAD MG/L <0.002 <0.002 <0.002 <0.002

B - 46
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é AnalyticaiTechnologies, inc.

ATI I.D. : B805-034
METALS QUALITY CONTROL
CLIENT i GEOENGINEERS, INC,.
PROJECT § : 0303-24-4
PROJECT NAME
SAMPLE DUP. SPIKED SPIKE %
PARAMETER UNITS . A?I I.D. RESULT RESULT RRD SAMPLE CONC REC
LEAD MG/L 80514701 <0.01 <0.01 ¢ 0.036 0.050 72
LEAD MG/L 80516203 G.004 0.003 29 0.041 0.050 82
% Recovery = (Spike Sample Result - Sample Result})
————————————————————————————————————— X 100
Spike Concentration
RPD {(Relative Percent Difference) = Sample Result - Duplicate Result
———————————————————————————————— x 100

Average Result
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)&k:; AnalyticalTechnologies, inc.

ATI I.D., # B8805-034

GENERAL CHEMISTRY RESULTS

CLIENT : GEOENGINEERS DATE RECEIVED : 05/16/88

PROJECT # . 0303-24-4

PROJECT NAME : REPORT DATE : 06/14/88

PARAMETER UNITS 01 02 03 04 05

PETROLEUM HYDROCARBONS mg/L 0.27 0.3 1.9 0.13 0,40
B - 48
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é AnalyticalTechnologies, inc.

ATI I.D. § 8805-034

GENERAL CHEMISTRY RESULTS

CLIENT . GEOENGINEERS, INC. DATE RECEIVED : 05/16/88

PROJECT # . 0303-24-4

PROJECT NAME : REPORT DATE : 06/14/88

PARAMETER UNITS 06 07 08 09 10

PETROLEUM HYDROCARBONS mg/L <0.05 0.07 20.3 31,3 1.3
B — 49
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éé AndlyticalTechnologies, Inc.

ATI I.D. # 8805-034

GENERAL CHEMISTRY RESULTS

CLIENT : GEOENGINEERS, INC. DATE RECEIVED ; 05/16/88
PRCJECT & : 0303-24-4
PROJECT NAME : REPORT DATE : 06/14/88
PARAMETER UNITS 11 12 13
d "-""'"'""_‘"'—"'""'—"----"""“"""""'-"_"——"--"_'_':,,"-"—__"--“"""""--L'p—"_"u(- ------------
PETROLEUM HYDROCARBONS mg/L 6.7 0.53
GRAVITY API 33.8
FLASH POINT,PMCC DEG. F 82
B - 50
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é\: AndlyticaiTechnologies, Inc.

CLIENT
PROJECT #
PROJECT NAME

PETROLEUM
HYDROCARBONS

PETROLEUM
HYDROCARBONS

HI-SHELL000822

ATI I.D. # 8805-034

GENERAL CHEMISTRY QUALITY CONTROL

GEOENGINEERS, INC

0303-24-14
7 SAMPLE DUP. SPIKED SPIKE %
UNITS ATI ID “* RSLT. RSLT. RPD RESULT ADDED REC
mg/L  8805034-13 12.67 10 127
mg/L  8804047-1 <0.05 0.06 18
B - 51



/! !\ AnalyticclTechnologies, inc.

ATI I.D. #88050-034-12

FUEL HYDROCARBONS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 05/14/88
PROJECT # : 0303-24-4 DATE RECEIVED : 05/16/88
PROJECT HNAME DATE EXTRACTED : N/A
CLIENT I.D. ;o MW-12 DATE ANALYZED : 05/19/88
SAMPLE MATRIX : PETROLEUM PRODUCT UNITS i N/A

EPA METHOD : 8015 MODIFIED (GC/FID) DILUTION FACTOR : n
COMPOUNDS RESULTS

TUEL HYDROCARBONS 1 PART GAS

10 PART DIESEL
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&'AnonyicaITechnoIogies,lnc. - Chain of Custody

San Disgo @ Phoenix @ Seattle. . DATE fi"“g" 3__5 PAGE [ 0F-3
=
PROJ. MGR. ~Joii E?aﬁaue ANALYSIS REQUEST @
. w
COMPANY v @ - - > 4
+h o o2 olw @ = « <
ADDRESS Z+4ns (4o Mve MN.E, E - E o = o g n< ",'_’l "z-
. - —~
__Belewe , w/a 4805 |5.|4. gz | 2[5 |eglo | 2 3 |z 229 g
[a I = = o |la bl =al = 2 - 25 o
goles|e S5 |B8|2 [22|2e] O 2 _|a <G| = w
SAMPLERS (SIGNATURE) PHONENOI B2 &I S3(E |u 13 |5al2 2] 38 52| 3 A EM 2wy o
oy I (=8 IS w| 9 [+ 4 @ = = ~
J - (=9 NN R IR r & I B e 3
- a5l s g~ - =3 v = -
M;_&am_ﬂ_.ﬁp_?_mg 52128 (£2128/8<|28 |28/ 32|82 AT HEEHEHEE =
w= Glus |dg|¥< 0 &8 = zuwl|l5¢ w z|< =
sapien. | oate | e |wanix|uasio |25 8528152 23128185 98| BE (Bx | | [¥|3F 5k |FE($E
o ik - [
MW -] OAZS |uinter K=
MW -2 s jnzz | v |~ DAl
e
Mmw -3 g-4-59 |j20 | Y 3 X1 {
ol -4 lsystlizis | v |~ X| - l
w -5 - ¢ l o¢ iyl ~ !
M 5-14-8% || i =S |
My -8  s-u-sfjzs#| o “(ﬂ A b
M -9  siussjzso | « 1 X l
B v
PROJECT INFORMATION SAMPLE RECEIFT RELINQUISHED BY 1. frRELINGUISHED BY 2. | RELINQUISHED BY 3.
PROJECT- g .
TOTAL NO. OF CONTAINERS | -/ @Ww
PO NO. 7 CHAIN OF CUSTODY SEALS (Signaturel /S _ ITime) [(Signature) (Time) {(Signatures {Time}
' AEC'D GOOD CONDITION/COLD|~ Auzyl rines
SHIPPING, 1D, NO. NEORMS 10 R o T Frinted Name) {Daze} l(Printed Name) {Date) | (Printed Name) _ [Dael
CO_ ORMS TO RECORD z‘ 5‘_‘_/4_53
; ; LAB MR C
| VIA- ‘%as-’_g % {Company) {Company) p‘ompanv)
: 2 RECEIVED BY ' 1. | RECEIVED BY 2.|RECEIVED BY {LABORATORY} 3.
SPECIAL INSTRUCTIONS/COMMENTS: +
A’ b b
{Signature] (Time) J{Signature} {Time} ﬁnatum imel
Nt as dopi
{Printed Name} {Date} [{Printed Name} {Date) | (Printed Name) \)
{Company) {Company) ANALYTICAL TECHNOLOGIES, INC.
ATI LABORATORIES: SAN DIEGO (6191 458-0141  PHOENIX (602) 438-1530 DISTRIBUTION: WHITE, CANARY - ANALYTICAL TECHNOLOGIES, INC. ® PINK - ORIGINATOR
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&Anc:lyhcolTechnologles,lnc Chain of Custody

San Diego @ Phoenix @ Seattls DATE. 4. =/t -85 PAGE = OF.-L
PROL. MGR, shn 3,-5.%,,,4;__- ANALYS!S REQUEST 2
COMPANY __ (O ENGIANEERS, TG g ] o J b - §
o w e .
ADDRESS 2405 (Hoth Aye NE g g -4 2| £ 18 dF ad | |9 _4 =4
. 2 | 2ls | 8|k > We¥s |3 98|y [e3F g
B&llﬁl[lﬁ: lse 9200,5 ol Re = =l < vdlo 2] a @ 2|4 oL o
@nllg|a 2| ool < - = = U ] had clz ﬁ
S3ledle [35|= |BB|2 [Z2(3g!| 8| T3 Y3 |5 sgle [TER %
SAMPLERS {SIGNATURE) (PHONENO.} 12 5| O 3| 5 W, 2 (ko 3 a8l &g s . SHld,| gled 3 '50 N g
ON| wNw = - w| | x ( — =\1a b
Qs Moo e R ERER R RS B R S I E
206 ) =520 <G|l ka|eal2 05} @ o |d9l 2af0 e | =2 r<| 2z | 9o
L L # 232|582 |58122(33|38 | 52| 25 s%\_ 10 g NEREHEHPE én—;; -
k [8] [+ 4 @€ Q< < > [+ 4 - [+ [+=4
SAMPLE 0. DATE | TIME [MATRIX|LABID.IL Q1 0Q wg |0Z T2 39122 |2g|0g|w: e[S lgys|BT|2E |6
Blinp 4 -1-391 (later] ""U X '
Ru - | | X ’
laMD 5 -id: |
- T
Bl.No S IY-5¥ u ” x Z
- ﬁnwd'-..., - x ,
MW -12 S-14-2y] 1706 Biorl =12
=it 6% rater] —1 3 /
lan & it & whter
1 3 >
Biank =14~ |-
PROJECT INFORMATION SAMPLE RECEIPT’ RELINQUISHED BY 1. JRELINQUISHED BY 2. | RELINQUISHED BY 3.
PROJECT: TOTAL NO. OF CONTAINERS d /- M
(Br3-zu-4 L% / : : : _ _
PO NO. CHAIN OF CUSTODY SEALS 1 .~ {1Signature) {Time) [iSignature) {Time} |{Signawre} {Time)
REC'D GOQD CONDITION/COLD| - A e, l
Printed Name) [Date) Y{Printed Name} {Date} [ (Printed Name} {Date}
SHIPPING 1D. NO. NFOR a — 1! ar —
ViA: LAB 1\%»605'—0 Lf [Company} . {Company) [Company}
% ? RECEIVED BY 1. | RECEIVED BY 2 |RECEIVED BY {LABORATORY} 3.
SPEC!IAL INSTRUCTIONS/COMMENTS:
[Ssgrature) {Timel }{Signature} [Timel
{Printed Name) [Date} |{Printed Name) (Date} |{Printed Namel
' [Company} . [Company) ANALYTICAL TECHNOLOGIES, INC.
ATILABORATORIES: SANDIEGO {6191 458.9141 PHOENIX {602) 438-1530 DISTRIBUTION: WHITE, CANARY - ANALYTICAL TECHNOLOGIES, INC, @ PINK - ORIGINATOR

54
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A 5::  AnalyticalTechnologies,Inc.

San Diego @ Phosnix @ Seattle

Chain of Custody

paTe T =1t =98 pace_ 2 oF_D

|

pROJL.MGR., _Jshn BDiasaNE ANALYSIS REQUEST §
COMPANY Y 1‘" a g @ 5 > : 2
g a o = © < w -
ADDRESS Z A3 g | 212 5|2 2 Y:-ERE ag|e e
—Pellowue, e GXUS J0odel, | SIE | < loglo | o] 2943 | EHE S
535318 |5e=z (B3(5 [28/=20| B M9z 1o | (383 s
SAMPLERS (SIGNATURE} PHONENO) | G1 8% (5 w2 |En 3 o3 gg gg 4 1 EN Qw % S
DN we W b= - wiy E| g - ‘ st 209
Aoinsr €Ll o0 |2 5155 58 |35 | 22|52 |55 | 52| o |28 ek B T g
- £glEsud(zii|o3 3 Ja|og|— ctg|25|ocfaSiqn
L _S0OC 15 4 <28 (>E|=z8|{og|z8 [2a| <2 |2 ¥ ENFEIEN R RS 5
wElJZ|E=120 w3 _|al 95 || == |8 -3- _E 23 l-m a= 40 z
savereo | oate | Tme Jwataixj e |25) 05128 |3¢ | 23132123 |02 63 B2 (T (F Q=8| 3F |nd|5E|5E
MW ~ | S-14-5814 30| \ater 3 Pal <
0 1458114 WA
(. .
MW= 10 I5q4-55 14 30 | nber | 59X X |
MW~} 14-g%| 165F | water *"75 Z‘
Mw -1 s-14-38] (o SF| i %:—Cl x )
Mw-tl_ lswuesliest | [~ l
- N
“Kinsate 5-14-8% | 0 2° */@ Z
Rinsare  |ousste v | X !
Rifote s-y8y| 1022 | | =0 X }
PROJECT INFORMATION SAMPLE RECEIPT RELINQUISHED BY . |rRELINQUISKED BY 2. | RELINOUISHED BY 3.
PROJECT: TOTAL NO. OF CONTAINERS
0324 -4 : :
PQ NO. CHAIN OF CUSTODY SEALS {Signgture} ] {Signature) {Time) |{Signature} [Time}
REC'D GOOD CONDITION/COLD| -~ I;J¢ Y,
SHIPPING ID. NO. CONFORMS TO RECORD (Fringd Name) {Printed Name) (Dare} {(Printed Name} (Date}
VIA: LAB N% (Company) (Company) {Company)
?:Q U RECEIVED BY RECEIVED BY 2. EIVED BY (LABORATORY) 3.
SPECIAL INSTRUCTIONS/COMMENTS:
0
[Signature) [Signature) [Time} Wa}aﬁ! - i
{IORIEUE

{Printed Name)

{Printed Name)

L

{Date] [(Printed N‘éme] . }
S

[Company}

{Company)

ANALYTICAL TECHNOLOGIES, INC.

ATILABORATORIES: SAN DIEGO (619) 458-9141 PHOENIX {602) 438.1530

DISTRIBUTION:

WHITE, CANARY - ANALYTICAL TECHNOLOGIES, INC. ® PINK -ORIGINATCH
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):f ék, AnolyticolTechnologies,lnc. 560 Naches Avenue, S.W . Suite 101, Renton, WA 98055, (206) 228-8315

ATI I.D. # 8810-114

November 8,‘1988

Geoengineers, Inc.
2405 140th Ave. N.E,
Suite 105

Bellevue, WA 98005

Attention : John Biggane

Project Number : 0303-24-4

Project Name : Port of Seattle; T-18

On October 28, 1988 Analytical Technologies, Inc. received one water
sample for analysis. The sample was analyzed with EPA methodology or
equivalent methods as specified in the attached analytical schedule.

The results, sample cross reference, and the quality control data are
enclosed. :

Y/

Mary filva Frederick W. Grothkopp
GC emist Technical Manager
FWG/hbb
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)! hk AnciyticolTechnologies, Inc.

ATI I.D. 4 8810-114
SAMPLE CROSS REFERENCE SHEET

CLIENT : GEOQENGINEERS, INC.
PROJECT # : 0303-24-4
PROJECT NAME : PORT OF SEATTLE; T-18

—— e —— i S — S . Sd e o — T —— e — A —— A Wt - R BAR i e e et Bk e R —— " o — i —

ATI & CLIENT DESCRIPTION - MATRIX DATE SAMPLED
8810~114-1 Mig-13 WATER 10/28/88
————— TOTALS ———=~-
MATRIX # SAMPLES
WATER 1

. S Wl . e Bk e T S Y, Ty S A ks oy S L M ikl o e T PP Mk ey

The samples from this project will be disposed of in thirty (30) days
from the date of this report. If an extended storage period is
regquired, please contact our sample control department before the
scheduled disposal date.

B - 57

HI-SHELL000828



)! *k AnatyticaiTechnologies,inc.

ATI I.D. # 8810-114
ANALYTICAL SCHEDULE

CLIENT : GEOENGINEERS, INC.
PROJECT 4 : 0303-24-4
PRGJECT NAME : PORT OF SEATTLE; T-18

o —— R — o ——— e T L4 e B A et R T P e St e 48 bkl o AS T A4 b e M e T e T deb M o S T —— —— " —

ANALYSIS- TECHNIQUE REFERENCE/METHOD
PURGEABLE AROMATICS GC/FID EPA 602
PETROLEUM HYDROCARBONS IR - EPA 418.1

3 - 58
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)! g\ AnalyticoiTechnologies,inc.

ATI I.D. # 8810-114

PURGEABLE AROMATICS ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : N/A
PROJECT # : 0303-24-4 DATE RECEIVED : N/A
PROJECT NAME : PORT OF SEATTLE; T-18 DATE EXTRACTED : N/A
CLIENT I.D. : REAGENT BLANK DATE ANALYZED : 11/03/88
SAMPLE MATRIX : WATER o UNITS:« : ug/L
EPA METHOD : 602 DILUTION FACTOR : 1
COMPOUNDS RESULTS

BENZENE <0.5

TOLUENE <0.5

CHLOROBENZENE <0.5

ETHYLBENZENE <0.5

1, 3-DICHLOROBENZENE <0.5

1,2 & 1,4-DICHLOROBENZENE <0.5

META XYLENE <0.5

ORTHO & PARA XYLENE <0.5

SURRCGATE PERCENT RECOVERIES

TRIFLUOROTOLUENE 101
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)! ik, AnalyiicaiTechnologies,inc.

ATI I.D. # 8810-114-1

PURGEABLE AROMATICS ANALYSIS
DATA SUMMARY

CLIENT : GEOENGINEERS, INC. DATE SAMPLED : 10/28/88
PROJECT ¥ : 0303-24-4 DATE RECEIVED : 10/28/88
PROJECT NAME : PORT OF SEATTLE; T-18 DATE EXTRACTED : N/A
CLIENT I.D. : MW-13 DATE ANALYZED : 11/03/88
SAMPLE MATRIX : WATER UNITS : ug/L
EPA METHOD : 602 DILUTION FACTOR : 10 *
COMPOUNDS RESULTS

BENZENE <5.0

TOLUENE 6.5

CHLOROBENZENE <5.0

ETHYLBENZENE <5.0

1,3~-DICHLOROBENZENE <5.0

1,2 & 1,4-DICHLOROBENZENE © <5.0

META XYLENE 9.8

ORTHO & PARA XYLENE <5.0

SURROGATE PERCENT RECOVERIES

TRIFLUCROTOLUENE 95

*# Sample diluted due to presence of late eluting compounds.
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)! i\, AnaiyhcaiTechnologies,inc.

ATI I.D. # 8810-114

PURGEABLE AROMATICS
QUALITY CONTROL DATA

CLIENT : GEOENGINEERS, INC. SAMPLE I.D. : 8810~092-5
PROJECT # : 0303-24-4 DATE ANALYZED : 10/26/88
PROJECT NAME : PORT OF SEATTLE; T-18 UNITS i ug/L

EPA METHOD ¢ 602 MATRIX : WATER

bup DUP
SAMPLE SPIKE SPIKED % SPIKED %

COMPOUND RESULT ADDED SAMPLE REC SAMPLE REC RPD
BENZENE <0.5 8.0 7.15 82 6.92 87 2
TOLUENE <0.5 8.0 7.22 - 90 6.95 a7 3
CHLOROBENZENE <0.5 5.0 7.04 88 6.65 83 6
META-XYLENE <0.5 12 10.70 89 10.36 86 3

0,

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)

Averadge Result
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)! ;\, Anolyricol'fechnologies,I_nc.

ATI I.D. # 8810-114

GENERAL CHEMISTRY RESULTS

CLIENT ! GEOENGINEERS, INC. : DATE RECEIVED : 10/28/88
PROJECT # : 0303-24-4
PROJECT NAME : PORT OF SEATTLE; T-18 SAMPLE MATRIX : WATER
PARAMETER UNITS -1
PETROLEUM HYDROCARBONS mg/L G2

B - 62
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é&\, AnalyticalTechnologies, Inc.

ATI I .D. % 8810-114

GENERAL CHEMISTRY QUALITY CONTROL

CLIENT : GEOENGINEERS, INC. SAMPLE MATRIX : WATER
PROJECT # : 0303-24-4
PROJECT NAME : PORT OF SEATTLE; T-18

. ot ot o Tt Bk W o Tt WAS B m TR it S ) My o L Pt o e ey S e e M e i T U AR T A e W G e Gt S G it P ot —

ATI SAMPLE DUP ) " SPIKED SPIKE %
PARAMETER UNITS I.D. RESULT RESULT RPD CONC ADDED REC
PETROLEUM
HYDROCARBONS mg/L  8810-093-56 <0.05 <0.05 0 N/A N/A N/A
PETROLEUM
HYDROCARBONS mg/L  WATER SPIKE N/A N/A N/A 44.3 51.8 86

% Recovery = (Spike Sample Result - Sample Result)
Spike Concentration

RPD (Relative % Difference) = (Sample Result - Duplicate Result)
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